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ABSTRACT
Effective Scenario-Based Training (SBT) is sequenced in an efficient trajectory from
novice to mastery and is well-grounded in pedagogically sound instructional strategies and
learning theory. Adaptive, automated SBT attempts to sequence scenarios according to the
performance of the student and implement the sequence without human agency. The source of
these scenarios may take the form of a matrix constructed by Instructional Systems Designers
(ISD), software engineers or trainers. The domain being instructed may contain procedures or
concepts that are easily differentiated thus allowing quick and accurate determination of
difficulty. In this instance, the sequencing of the SBT is relatively simple. However, in
complex, domain-integrated instructional environments accurate and efficient sequencing may be
extremely difficult as ISD, software engineers and trainers, without an objective means to
calculate a scenario’s complexity must rely on subjectivity.
In the Military, where time, fiscal and manpower constraints may lead to ineffective,
inefficient and, perhaps, negative training SBT is a growing alternative to live training due to the
significant cost avoidance demonstrated by such systems as the United States Marine Corps’
(USMC) Abrams Main Battle Tank (M1A1) Advanced Gunnery Training System (AGTS).
Even as the practice of simulation training grows, leadership such as the Government
Accountability Office asserts that little has been done to demonstrate simulator impact on trainee
proficiency.
The M1A1 AGTS instructional sub system, the Improved Crew Training Program
(ICTP), employs an automated matrix intended to increase Tank Commander (TC) and Gunner
(GNR) team proficiency. This matrix is intended to guide the team along a trajectory of everiii

increasing scenario difficulty. However, as designed, the sequencing of the matrix is based on
subjective evaluation of difficulty, not on empirical or objective calculations of complexity.
Without effective, automated SBT that adapts to the performance of the trainee, gaps in combat
readiness and fiscal responsibility could grow large.
In 2010, the author developed an algorithm intended to computationally define scenario
complexity (Dunne, Schatz, Fiore, Martin & Nicholson, 2010) and conducted a proof of concept
study to determine the algorithm’s effectiveness (Dunne, Schatz, Fiore, Nicholson & Fowlkes,
2010). Based on results of that study, and follow-on analysis, revisions were made to that
Scenario Complexity (SC) algorithm.
The purpose of this research was to examine the efficacy of the revised SC algorithm to
enable Educators and Trainers, ISDs, and software engineers to objectively and computationally
define SC. The research process included a period of instruction for Subject Matter Experts
(SME) to receive instruction on how to identify the base variables that comprise SC. Using this
knowledge SMEs then determined the values of the scenarios base variables. Once calculated,
these values were ranked and compared to the ICTP matrix sequence.
Results indicate that the SMEs were very consistent in their ratings of the items across
scenario base variables. Due to the highly proceduralized process underlying advanced gunnery
skills, this high degree of agreement was expected. However, the significant lack of correlation
to the matrix sequencing is alarming and while a recent study has shown the AGTS to increase
TC and GNR team proficiency (PM TRASYS, 2014a), this research’s findings suggests that
redesign of the ICTP matrix is in order.
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CHAPTER ONE: INTRODUCTION
After almost 60 years of research in the area of training interventions, few empirically
supported guidelines have emerged to direct the choice and implementation of effective,
automated training interventions (Bolton, 2006). Today, the Instructor/Operator (IO) of a
training simulation system using Scenario Based Training (SBT) is often heavily tasked and
often cannot dedicate the cognitive resources necessary to effectively and efficiently sequence
scenarios in a trajectory from novice to expert. Automated SBT matrices intended to mitigate
this condition provide scenario sequencing that have limited, if any, objective or empirical
foundation. That is, matrix sequencing is ultimately based on Instructional System Designer
(ISD), software engineer, or IO subjective perception of difficulty. Therefore, it is not
necessarily true that automated matrices sequence scenarios from novice to expert levels
accurately, efficiently and effectively. To automate and, more importantly, adapt to the
performance of the trainee software solutions must be in place to computationally define
Scenario Complexity (SC) and prescribe the complexity level of the follow-on scenario. That is,
an objective, computationally actionable value must be attributed to each scenario so that
advancement or remediation along the trajectory can be grounded in sound instructional strategy
and learning theory.
The purpose of this research was to examine the efficacy of the revised SC algorithm to
enable Educators and Trainers, ISDs and software engineers to objectively and computationally
define SC. The SC algorithm was revised to advance efforts in the design of SBT that adapts
and automatically initializes, constructs, and sequences scenarios based on trainee performance.
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Results of the author’s proof of concept study (Dunne, Schatz, Fiore, Nicholson, et al., 2010)
formed the basis of these revisions.
The first and second sections of this chapter present an overview of the major aspects of
this research and a statement of its purpose. The third and fourth sections present the problem
statement and definition of terms. The fifth section outlines major limitations while the sixth
section outlines the study’s major assumptions. The seventh and eighth sections discuss the
justification, and conceptual framework of the research. The research questions are presented in
the ninth section. The tenth section outlines the organization of the remainder of the dissertation.
Overview
In efforts to computationally define SC the author developed an initial algorithm and
conducted a pilot study to determine its potential. This SC algorithm included characteristics
such as: Task Complexity (TC), Task Framework (TF) and Cognitive Context Moderators
(CCM). These characteristic’s values were derived from base variables such as number of subtasks and conflicting outcomes and enabled calculation of total SC. Two papers document these
efforts and results: Dunne, Schatz, Fiore, Martin and Nicholson, (2010) and Dunne, Schatz,
Fiore, Nicholson and Fowlkes (2010). Outcomes of those efforts resulted in the seminal SC
algorithm and indicated promising results. Analysis of that proposed SC algorithm led to the
revisions of the SC algorithm researched for this dissertation.
The Military has been at the forefront of SBT since the first flight simulator was adopted
in 1934 (Link, 2009) and continues to incorporate simulation and associated instructional
software into their Programs of Instruction (POI). According to United States Marine Corps
(USMC), it is doctrine for a tank crew, defined by Directorate of Training and Doctrine
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Maneuver Center of Excellence (DOTD, 2013), as a Vehicle Commander and Gunner (GNR), to
successfully complete Gate-to-Live-Fire (GTLF) simulated scenarios provided by the M1A1
AGTS simulators prior to engaging in Live-Fire Qualification (USMC, 2009, 2010, 2011, 2012,
2013). To assist in meeting this requirement, the Improved Crew Training Program (ICTP), a
matrix of automatically sequenced scenarios that shepherds trainees from novice to expert levels
(Lockheed Martin, 2012), was embedded in the AGTS training software.
At the core of the ICTP matrix is the instructional strategy of “crawl, walk, run”. The
“crawl, walk, run” approach creates training trajectories that require acquisition and maintenance
of knowledge, skills, and abilities (KSA) at ever advancing levels, similar to the trajectories
described by Clements and Battista, (1992) and Fuson, (1997). This is a standard instructional
strategy in the US Army and USMC because the “crawl, walk, run” process is an effective
method of training to standard for drills and individual and collective tasks (US Army, 1996) and
is supported by learning theories described by Vygotsky (1972) and Krashen (1982). However,
due to differing trainee schema inherent to mixed-rank or mixed-experience conditions, what is
“run” to a Lance Corporal may be a “walk” to a Staff Sergeant (SSgt). Perception of a scenario’s
difficulty is subjective, and is not computationally actionable. Therefore, if effective sequencing
of SBT is to be ensured, a scenario’s level of difficulty must be determined apart from the
trainee. The scenario itself must possess a value, an operational sum that can be objectively
determined and computationally actionable.
The ICTP matrix is intended and designed to automatically sequence scenarios from
novice to expert level scenarios. The matrix has a vital impact on the instruction of Abrams
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Main Battle Tank (M1A1) gunnery in the AGTS. Due to these factors, and the downstream
effects of AGTS training, it is important to ask: is the matrix sequencing, in fact, correct.
Purpose of this Research
The purpose of this research was to examine the efficacy of the SC algorithm to enable
Educators or Trainers, ISD and software engineers to objectively and computationally define SC.
Part of this process included a period of instruction given to the participants, Subject Matter
Experts (SME), in the identification of the characteristics that comprise the SC algorithm. Using
this knowledge SMEs then determined the values of the SC base variables. These base variables,
once calculated, determined the objective total SC values which were then ranked and compared
to an existing matrix sequence derived from the ICTP embedded in the M1A1 tank Advanced
Gunnery Training System (AGTS).
This research is intended to advance the field of SBT by indicating a method of designing
SBT that adapts and automatically initializes, constructs, and sequences scenarios based on
trainee performance. With the base variables, and characteristics of the revised SC algorithm
this research uses the ICTP matrix as a filter through which the efficacy of the revised SC
algorithm are evaluated.
Statement of the Problem
As Bolton (2006) found eight years ago, still, after almost 60 years of research in the area
of training interventions, few empirically supported guidelines have emerged to direct the choice
and implementation of effective, automated training interventions. The IO of a training
simulation system using SBT is often heavily tasked and often cannot dedicate the cognitive
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resources necessary to effectively and efficiently sequence scenarios in a trajectory from novice
to expert. Automated SBT matrices intended to mitigate this condition provide scenario
sequencing that have limited, if any, objective or empirical foundation. That is, matrix
sequencing is ultimately based on ISD, software engineer or IO subjective perceptions of
difficulty. Therefore, it is not necessarily true that automated matrices sequence scenarios from
novice to expert levels of complexity accurately, efficiently and effectively. To automate and,
more importantly, adapt to the performance of the trainee software solutions must be in place to
computationally define SC and prescribe the complexity level of the follow-on scenario. That is,
an objective, computationally actionable value must be attributed to each scenario so that
advancement or remediation along the trajectory can be grounded in sound instructional strategy
and learning theory.
Dunne, Schatz, Fiore, Martin et al. (2010, p. 2) assert “it is crucial to objectively
define and instantiate scenario complexity so the software can calibrate and assemble
appropriate SBT episodes. Successful instantiation depends on creating an objective
computational metric of the subjective notion of difficulty”.
Beyond the efforts of this author, a search of recent literature does not locate any such
research towards developing an algorithm or intervention that addresses this need.
Definition of Terms
Noam Chomsky (1973) said, “The interpretation and use of words involves a process of
free creation.” However, there are terms contained within this dissertation that, to avoid
misunderstanding, should not be left open for interpretation. A definition of terms is herein
supplied to ground readers to the content with common interpretation and understanding.
5

Adaptive Automation (AA): Machine-centric agency whereby the behavior of the user
triggers actions in the system that guides the learning process (Burgos, Tattersall & Koper,
2007), thus carrying out functions normally performed by a human agent (Parasuraman & Riley,
1997). Herein, when adaptivity is referred to it is in the context of a software solution that
determines the sequence of SBT scenarios based on the performance of the trainee, relieving the
human agent from this task.
Base Variables: These are the foundational eight variables, the first tier of values, used to
calculate the values of the scenario’s characteristics from where the total SC value is derived.
They include number of: required acts, information cues, subtasks, interdependent tasks, task
paths, task criteria, task conflicts and CCM or, more simply, distractors.
Characteristic: The characteristics of a scenario form the second tier of the SC algorithm;
they determine the total SC value. These characteristics are: TC, TF and CCM.
Cognitive Context Moderators: CCM are external stimuli that affect the trainee by
increasing cognitive load or reducing cognitive resources, or both, for the task, thus causing less
complex tasks to appear more complex. They may be referred to as distractors, although that
term is less descriptive. Note that CCM is also a base variable; the base variable CCM is
modified to create the CCM characteristic.
Component Complexity: This sub-characteristic is comprised of two base variables;
number of subtasks, or acts, and the number of information cues to be processed to perform those
required subtasks or acts (Wood, 1986). When this sub-characteristic is modified by the
Coordinative Complexity sub-characteristic the characteristic of TC is derived.
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Conflicting/Unknown Outcomes: This base variable accounts for outcomes where
achievement of one criterion can conflict with achieving another or the outcome of achievement
is unknown. For example, conflicting outcomes may include the desire to drive and arrive at
destination within a certain time (criterion) versus getting there without violating traffic laws
(conflicting criterion).
Coordinative Complexity: This sub-characteristic accounts for the number of antecedent
and/or interdependent relationships among the task elements (Wood, 1986). When this subcharacteristic is modified by the Component Complexity sub-characteristic the characteristic of
TC is derived.
Difficulty: Difficulty is a subjective experience related to performance but does not
necessarily correspond to performance levels or learning (Zook, Lee-Urban, Riedl, Holden,
Sottilare, & Brawner, 2012). Difficulty is an intrinsic perception and, as such, cannot be the
source of a computationally proceduralized sequence to deliver scenarios of appropriate
performance levels.
Evaluation Phase: This term describes a distinct time period of the research design
wherein the participants evaluated a group of ten scenarios. There are a total of three scenario
evaluation phases.
Information Cues: A base variable of the Component Complexity sub-characteristic an
information cue is a source of information that must be monitored for completion of the
task/subtask. For example, the task of driving to a new restaurant includes the subtask of
navigating; this subtask requires monitoring of landmarks and signs as well as any directional aid
within the car.
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Interdependent Tasks: This base variable accounts for the integration of subtasks and
associated acts. For example, when driving the subtasks of steering and navigation are
interdependent; these subtasks are integrated and involve synchronization of activities to achieve
the common goal or objective (Baker, Day, & Salas, 2006). Together with sub-task they form
the basis of the sub-characteristic of coordinative complexity.
Required acts: A component to the sub-characteristic of Component Complexity Wood
(1986), defines a required act as a pattern of behavior with identifiable purpose or direction that
is non-redundant with other acts and is necessary for the successful completion of the task.
Scenario-Based Training: The purposeful instantiation of simulated events to create
desired psychological states (Martin, Schatz, Bowers, Hughes, Fowlkes, J. & Nicholson, 2009).
SBT is typically a self-contained learning environment that addresses specific instructional
objectives by employing characteristics of simulations or games, or both.
Scenario Complexity (SC): The objective value of a scenario that interacts with individual
characteristics (e.g., trainee expertise) to yield an individual’s perception of the scenario’s
difficulty (Lum, Fiore, Rosen, & Salas, 2008). Complexity, in this context, is the objective
counterpart to subjective “difficulty” (Dunne, Schatz, Fiore, Martin, et al., 2010; Dunne, Schatz,
Fiore, Nicholson, et al., 2010). SC total is attained by implementing the SC algorithm for
calculation of the values of the scenario’s characteristics, sub-characteristics and base variables
(Dunne, Schatz, Fiore, Martin et al., 2010).
Sub-task: According to Dunne, Schatz, Fiore, Martin et al., (2010, p. 2) a sub-task is a
component of Component Complexity and a “task that is prerequisite, antecedent, or otherwise
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integral to the performance of the overarching task. A subtask has a clear duration, a desired
outcome or objective, and associated measures of performance.”
Task Complexity (TC): Task complexity is operationalized and manipulated by increasing
or decreasing the number of sub-characteristics present in the task itself and that task complexity
is the sum of two sub-characteristics: 1) component complexity and 2) coordinative complexity
(Wood, 1986).
Task Criteria: is defined as a measurement that must be satisfied in order to reach the
desired objective. Task criteria, or outcomes, measure performance and are aligned to the
training objective. Every task has at least one criteria or outcome. For example, in USMC
M1A1 gunnery, two task criteria (measures of performance) are time to ID and target
classification.
Task Framework: Task framework accounts for the relation between task paths and the
criteria or outcomes associated with each, and it addresses which criteria or outcomes are
possible in a given task (Campbell, 1991).
Task Paths: Defined as the number of possible ways to arrive at the desired objective.
Having numerous ways to reach the desired objective decreases the complexity of a task unless,
as is often the case, the presence of multiple correct paths is illusionary or an efficiency criterion
is embedded in the task (Campbell, 1991).
The figure below illustrates the eight base variables, the two sub-characteristics, the
characteristics and their relationships to the total SC value.
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Figure 1: SC Characteristics and Variable Relationships

10

Cognitive
Context
Moderators
(CCM)

Major Limitations of the Study
There were two major limitations of the study. One was a known limitation going into
the collection of data while the other was uncovered during collection of data.
The first was the number of qualified participants available. The researcher recognized
that due to the unique and specialized qualifications and skill sets necessary for SMEs of the
M1A1 AGTS the population was small at the outset and, logistically, obtaining access to
anything more than a handful of SMEs would be extremely difficult.
Within the USMC there are only 116 active duty and 86 reserve unit M1A1 crews. There
is no Military Operational Specialty (MOS), or job position, for AGTS IO or Senior Instructor
Operators (SIO). Without a dedicated MOS IOs and SIOs must be certified from this already
unique population. Although the M1A1 AGTS is also employed by the US Army and the Saudi
Arabian National Guard, USMC M1A1 combat procedures and training standards vary
significantly. Nevertheless, including these Military branches there may still only be a total of
50 AGTS IOs and SIOs worldwide. Gathering 10% of this population in one place can be
considered extraordinary. The researcher was very fortunate and humbled to have this rare
opportunity and to be granted access to five AGTS SME available at 2nd Marine Expeditionary
Force (MEF), 2nd Tanks Battalion based in Camp Lejeune, NC.
The effect of this small population is minimized due to the focus and statistical regime of
this research. This small number of participants was not as threatening to validity or reliability
of results as it would been if this were human subject research. Further explanation is provided
in Chapter Three.
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The second limitation became apparent during the data collection. The amount of time
available for the instruction of the identification and familiarization of the base variables of the
SC formula and collection of evaluation responses was extremely restricted and results suggest
fatigue may have become a factor.
The participants were all active duty Marines fully tasked at the time of data collection.
They participated in this study, and I was allowed access, with the condition that they return to
their duties as quickly and with as little disruption to their base operations as possible.
Therefore, where additional time would have been advantageous and may have mitigated the
influence of fatigue; it was not a luxury afforded by the situation.
What affect this time constraint may have had on the responses of the participants is
difficult to ascertain. However, it may be worth noting that time-stress is a normal part of their
IO and SIO duties and certainly something that, as Marines with combat experience, they are
acquainted.
Assumptions
The majority of essential assumptions of this research were met. The primary
assumption, access to M1A1 AGTS IOs and SIOs, was facilitated by the Battalion Master
Gunner. In addition, the Marine Corps Combat Development Command Institutional Review
Board (IRB) approved the research and the University of Central Florida IRB concurred.
As originally proposed, however, the assumption that 12 USMC participants would be
made available was not met. Reason for this is mentioned in the limitations section above.
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Justification of Study
A review of literature finds that research and literature on sequencing of scenarios in SBT
is nascent. At the time of the latest literature investigation, this researcher’s efforts remain the
only, objective, computational definition of scenario complexity forwarded (Dunne, Schatz,
Fiore, Martin, et al., 2010; Dunne, Schatz, Fiore, Nicholson, et al., 2010).
The research conducted and the results attained from this study will assist in filling a vital
gap. Implications of this research may guide investigations extending the SBT field and others
such as serious gaming, mixed and computer-based instruction. Results of this research may
lead to implementation of a theoretically grounded, automated instructional strategy that
optimizes SBT scenario sequencing thus increasing efficiency and effectiveness as well as
reducing or avoiding costs.
Conceptual Framework
The conceptual framework for this study integrates two theoretical paradigms;
Vygotsky’s Zone of Proximal Development (1978) and Krashen’s i+1 Theory of Learning and
Acquisition (1982). Both theories prescribe a progression wherein each succeeding task is more
complex than those preceding. A more complex task involves more detail for some component
characteristic or more total component skills than the preceding task (Merrill, 2007). The
complexity of these tasks may affect the trainee’s ability to build and maintain situation
awareness if the complexity exceeds available working memory and storage processes
(Jodlowski, 2008). Careful sequencing is necessary to avoid overloading and reducing training
quality.
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Two recent innovations, the Shareable Content Object Reference Model (SCORM) which
was a result of the Advanced Distributed Learning initiative out of the DoD in 1997, and
Augmented Cognition (AugCog), attempt to adapt sequencing of content or task delivery
depending on performance and learner state. However, SCORM’s level of remediation or
advancement depends on the content of its POI “package” and is limited to the number of
branches designed and developed by the ISD. AugCog depends upon bio-physiological input,
sometimes gathered by distracting or invasive, or both, sensors. AugCog’s purpose focusses on
identifying work-load stress instances to indicate mitigating strategies, not knowledge
acquisition.
Each of these attempts are iterations, in one form or another, of the Zone of Proximal
Development (Vygotsky, 1978) and i=1 (Krashen, 1982). The basis of the Zone of Proximal
Development (ZPD) and i+1 is the concept of increasing difficulty to optimize learning
acquisition. ZPD represents a phase in development where a person is unable to perform a task
alone but can eventually accomplish it with help from someone more experienced. After they
accomplish that task they continue their scaffolding to higher levels of skills and concepts by the
same method. ZPD describes the range of difficulty of tasks that are too hard for the learner to
complete alone, but can be completed successfully with the appropriate assistance of someone
more knowledgeable (Louis, 2009). Vygotsky’s own translated definition describes the zone as
“the distance between the actual development level as determined by independent problem
solving and the level of potential development as determined through problem solving under
guidance or in collaboration with more capable peers.” (Vygotsky, 1978, p. 86).
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From the SBT perspective, the sequencing of scenarios and their levels of complexity are
similar to the tutor’s ability to adjust levels of guidance and content to the tutee. Utilizing
increasing complexity, adjusting levels to the ZPD of the trainee, guiding them along their
trajectory to successful completion of SBT enables transfer of KSA to real-world situations.
Eun, Knotek, & Heining-Boynton, (2008) suggest “children who have successfully progressed
through the ZPD (i.e., reached their endpoint of proximal development) should be able to
generalize skills they have acquired within the zone to other real-life situations...” (p. 142).
Krashen’s i+1 describes a learner’s zone of current understanding or comprehension (i)
and the step above but not beyond understanding or comprehension (+1). According to Krashen
(1982), learned competence and acquired competence develop in very different ways. In his
view, learning occurs through the formal study of rules, patterns, and conventions, a study which
enables one to talk about and consciously apply the knowledge gained. The most valuable input
for acquisition, however, is language that goes just a step beyond the structures which students
have already acquired or, in Krashen's terminology, i + 1.
Krashen states, “the input [instructors] provide for children includes i + 1, but also
includes many structures that have already been acquired, plus some that have not (i + 2, i + 3,
etc.) and that the child may not be ready for yet” (Krashen, 1982, p. 23).
These two theories’ similarities lead to attempts to draw parallel conclusions (Evensen,
2007; Schinke-Llano, 1993) as well as arguments that any similarity is at best superficial (Dunn
& Lantolf, 1998; Lantolf, 2008). Lantolf (2008) clarifies the issue by asserting that, “Krashen's
i+1 is a construct that relates to everyday learning, which should be replicated in the educational
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setting, while Vygotsky's ZPD is much more closely connected to intentional educational
development of the person (p. 217).”
Research Questions
The purpose of this research is to examine the effectiveness of an algorithm intended to
enable Educators or Trainers, ISDs and SMEs to objectively and computationally define SC.
Part of this process includes the evaluation of an automated training matrix embedded within the
instructional software of the M1A1 AGTS and by comparing its scenario sequences to those
derived from the objective values determined by the SC algorithm.
For this study, the following research questions were asked:
Q1: How consistent were the SMEs ratings of the items?
Q2: How well do the SMEs rankings match to the ICTP sequences of the training matrix?
Organization of the Remainder of the Dissertation
Situating this research in the continuum of instructional technology, where advanced
technology and the affordances associated with it intersect with SBT, chapter two first presents a
historiography of SBT. This is followed by reviews of the literature relating to SBT and SC and,
where necessary, to peripheral areas. Special focus is given to the author’s previous studies
which developed the original SC algorithm and formed the foundation of this research. To
address the conceptual framework, literature regarding Vygotsky’s ZPD (1972) and Krashen’s i
+1 (1982) is also included. Chapter three describes the methodology, the materials and
instruments used, procedure and, for clarification purposes, a narrative illustrating the data
collection procedure. Special focus is again given to the analysis of the original algorithm and
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the measures taken to develop the algorithm, or SC instruments which serve as the foundation of
this research. Chapter four delivers the results of the study broken down by research question
and SC base variables, sub-characteristics, characteristics and total SC. Chapter five discusses
the findings, limitations, future directions and implications.
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CHAPTER TWO: LITERATURE REVIEW
The purpose of this research was to examine the efficacy of the Scenario Complexity
(SC) algorithm to enable Educators or Trainers, Instructional System Designers (ISD) and
software engineers to objectively and computationally define SC. Part of this process included a
period of instruction given to the participants, Subject Matter Experts (SME), in the
identification of the characteristics that comprise the SC algorithm. Using this knowledge SMEs
then determined the values of the SC base variables. These base variables, once calculated,
determined the objective total SC values which were then ranked and compared to an existing
matrix sequence derived from the Improved Crew Training Program (ICTP) embedded in the
Abrams Main Battle Tank (M1A1) Advanced Gunnery Training System (AGTS).
The primary goal of this review is to locate research literature that investigates
operationalizing and defining SC in relation to Scenario-Based training (SBT). However, a
preliminary search found that the only articles that deal specifically with the calculation of
scenario complexity are by this author.
For a more robust and grounded literature review, it was necessary to widen the net and
capture information from three secondary elements of this study. These secondary elements
intersect with this dissertations purpose; literature that focused on SBT and Adaptive Automation
(AA). To support the conceptual framework, articles regarding Vygotsky’s Zone of Proximal
Development (ZPD) and Krashen’s i+1 were also reviewed.
The first section of this review presents a historiography of simulation, technology and
SBT along with innovations in learning theory in order to situate this study along the continuum
these subjects bound. The second section describes the search methods and procedures used in
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the determination of appropriate literature for review. The third section reviews SBT literature
to more clearly define the field of study. The fourth section gives special focus to the original
SC algorithm and describes the results from the pilot study. Section five reviews AA literature
and focusses on the definition of the hierarchical categories, or types, of AA. Section six
describes the two theories that are the foundations for this research’s conceptual framework and
at the heart of scenario sequencing. Finally, section seven ends chapter two by presenting the
conclusions derived from the review of the germane literature.
Historiography
For centuries, whether in the form of hypothetical syllogism, “if” situations posed by
classical philosophers like Socrates and Plato in order to elicit “then” solutions from students, or
in the form of battle scenarios played out with small models on broad tables by Emperor
Napoleon and General Carl von Clausewitz, SBT and simulation have been a part of education
and training.
Throughout the centuries technology has played a supporting role to learning theory and
training demand, for learning theory and training cannot be separated from technology any more
than technology can be separated from learning theory and training. Now, in the early years of
the 21st century, the technological affordances which began in the early years of the 20th century
have taken a leading role in the evolution of SBT and simulation.
At the end of the 19th century technology was limited to simple delivery devices (e.g.,
chalkboard, lectures). Instruction and training relied on repetition, drilling, and rote
memorization. John Dewey, in 1891, described what we now refer to as automatization. In his
words though, “In learning anything we voluntarily set ourselves to repeating an act so many
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times that this act gradually separates itself from the background of ever-varying acts, and thus
obtains a superior hold upon consciousness (p. 111).”
Half a century afterwards the right brothers flew, Henry Ford started the production line
and World War I bred great and horrid innovations. Dewey, perhaps reflecting the larger
disillusioned, societal reaction to the political, albeit no longer geographical, status quo, argued
that the state of instruction was more, “a matter of routine in which the plans and programs were
handed down (p. 5)” and called for “the need of a theory of experience (p. 3)” to take instruction
further (Dewey, 1938). This call was answered by Pfeiffer and Jones (1975) with their
experiential learning model based on the theory that people learn best by doing.
Concurrent to Dewey’s evolving views, British mathematician and computer scientist
Alan Mathison Turing presented his paper, On Computable Numbers which introduced the
concept of “algorithms” and the Turing machine proof, the basis of computability (Turing,
1936). In New York, an organ-makers son, Edward Link, mounted short wooden wings and a
fuselage on a universal joint, used organ bellows for “pitch” “roll” and “yaw” and created the
first flight simulator. This allowed pilots to learn by experience and practice knowledge and
skills prior to actually taking off. He later equipped the cockpit with standard aircraft controls,
radio aids, and gauges to help the pilot “fly blind” by using instruments (Link, 2009). Pilots who
once trained by actually flying and watching the ground then used simulated flying scenarios
(e.g., thick fog, night flight) and learned without the danger of being in flight.
By the mid-20th century Behaviorism lost its thrall over the firmament of Education and
ceded reluctantly to Cognitivism, Piaget and, in Russia, to Vygotsky. “Game Theory,” the study
of strategic decision making or, "…mathematical models of conflict and cooperation between
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intelligent rational decision-makers" (Myerson, 1991, p. 1) extended SBT into fields like
economy and diplomacy. Learning theorists and Military tacticians were joined by economists,
psychologists, and scientists around the world who played out the ancient “if-then” game with
the help of Universal Automatic Computer, International Business Machines (IBM), and
Formula Translating (FORTRAN). Of course, by this time, technology had advanced into the
home in the form of television; instructional programs coming with it when, in 1951, City
Colleges of Chicago offered credit for taking televised courses.
In 1962, Gagne published, The Acquisition of Knowledge and distance learning, once
dependent on mail correspondence and radio, became increasingly delivered by television.
Computers the size of living rooms used magnetic reel-to-reel tape, bulbs, transistors, and punchcards, and launched spacecraft that orbited the Earth first from the Baikonur Cosmodrome,
Russia then from Cape Canaveral, Florida. By the end of the decade, the original internet,
Advanced Research Projects Agency Network, or ARPAnet, went “online” and Man was on the
moon thanks to the Apollo Guidance Computer and its 64k of memory.
In the 1970’s Chess champion Bobby Fischer beat the Massachusetts Institute of
Technology Greenblatt computer program in three consecutive games, and Lev Vygotsky’s
seminal work, Mind in Society: The Development of Higher Psychological Processes, was
translated into English. In it, Vygotsky proposed the concept of the ZPD where learners
performed within their range of competence while being assisted in realizing their potential
levels of higher performance (Vygotsky, 1978). Gagne’s foundational book, Nine Events of
Learning, was published in 1974, and the Apple I and Commodore Pet computers entered homes
in boxes and occupied only the corner of a room. Suddenly, Space Invaders were everywhere.
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A common characteristic of such “video” games was that these games challenged players with
levels of increasing difficulty maintaining motivation and a study stream of quarters or tokens.
Video or digital games, just like educational tools and resources were at the fingertip.
In the 1980’s, the effectiveness of SBT depended on the affordances of the computer and
the proper implementation of appropriate instructional strategies (Barrows, 1985; Pfeiffer &
Jones, 1975). In the relatively remote field of language acquisition, linguist Stephen Krashen
(1982), proposed a learning theory similar to Vygotsky. Simply put, acquisition of knowledge is
made possible by presentation of comprehensible input just a little above the learners current
level; in other words: “i+1”. During this time computers became able to fully control the flow of
the learning process (Tennyson, 1980) much like they did the flow of gaming.
During the 1990’s computers replaced typewriters on desks nationwide. 3.5 million
“gamers” eagerly awaited the release of “Myst II: The Riven.” Chess champion Gary Kasparov
played a best-of-three match against IBM’s Big Blue chess computer. He drew three times, won
once and lost twice.
At the turn of the millennium, according to Ray Kurzweil (2001), technology was
evolving exponentially, not linearly; in 2004, U.S. game sales were approximately $7 billion.
The average 8th grader spent about five hours a week playing video games (Oblinger, 2003;
2004). In the United States Marine Corp (USMC), SBT became a vital part of training programs
such as the AGTS designed for the Abrams Main Battle Tank (M1A1).
In the later part of the first decade of the 21st century, Personal Computer (PC) games
became employed for instructional purposes both in brick-and-mortar classrooms and online
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environments. In the single month of December 2009, U.S. video game sales reached $5.53
billion.
In 2013, within a single lifespan, technology has become pervasive. In the United States
alone, in a single week, the top ten software-based games sold over 945,000 copies. External
hard-drives contain over a terabyte (1012) of information.
Yet, games, training, and education remain predominantly rooted in the linear, nonadaptable sequence employed for centuries:

Scenario Level 1 is
presented

Scenario
Assessment

If "passed" Then
Scenario 2 is
presented. If not
"passed" Then
Scenario 1 is
reapeated

Figure 2: Traditional Linear Sequencing
Search Methods and Procedures
The primary goal of this review was to locate research literature that investigates
operationalizing and defining SC in relation to SBT. However, a preliminary search found that
the only articles that deal specifically with the calculation of SC are by this author.
For a more robust and grounded literature review, it was necessary to widen the net and
capture information from three secondary elements of this study. These secondary elements
intersect with this review’s purpose, therefore, literature that focused on SBT, AA, Vygotsky’s
ZPD and Krashen’s i+1 are reviewed herein.
There were five primary sources for literature; 1) the ERIC-EBSCOhost electronic
database battery (from 1966 to August, 2014) including; ERIC, MAS Ultra - School Edition,
Middle Search Plus, Primary Search, PsycINFO, PsycARTICLES, and Academic Search
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Premier, 2) dissertation databases, 3) reference sections from articles chosen, 4) unclassified
materials and documents acquired through employment position and work responsibilities and 5)
personal collection of articles, books, conference materials and journals amassed during eleven
years of study.
These online searches were conducted utilizing “peer review” and “full-text” as limiters
where practicable. Where no explicit delineation between simulation and traditional
environments was made in the abstract, description, or body of the study, it was assumed the
study’s focus to be traditional, classroom environment. Additional searches were made to locate
studies examining AA in combination with the other search terms such as SBT and ZPD.
A search of the ProQuest Doctoral Dissertation database, with search terms: “Scenario
Based Training” and limited to appearance in the Abstract resulted in a total of 70 studies
conducted in the last 10 years. Further exclusion factors reduced the number of relevant works
to six. A search of the Institute of Electrical and Electronics Engineers XPlore database, with
search terms: “Scenario Based Training”, limited to appearance in the Abstract, and key word:
“adaptive” resulted in a total of 152 studies conducted in the last 25 years. Further exclusion
factors reduced the number of relevant works to four. A search of the Computer and Information
Systems Abstracts database, with search terms: “Scenario Based Training”, limited to
appearance in the Abstract, and key word: “adaptive” resulted in only 4 studies conducted in the
last 10 years. A search of the Applied Science and Technology database, with search terms:
“Scenario Based Training”, limited to appearance in the Abstract, and key word: “adaptive”
resulted in only 1 study conducted in the last 25 years but did not meet inclusion criteria. Further
exclusion factors reduced the number of relevant works to six. EBSCOHost database search of
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last 5 years, with same search parameters found no results. It was established, that a review of
literature revealed a significant gap at the intersection of SBT + automated + adaptive +
complexity.
Research in the areas of learning disabilities, teacher education, career development,
sports, medical or counseling sciences, automated testing, or action research were eliminated
from the search because they are not germane to the scope of this research or the study
population was not appropriate, or both.
Literature inclusion criteria focused on two main areas: (1) studies with elements of the
research topic and, due to limited number of such studies, (2) studies which address broader,
foundational elements of the research topic.
Scenario-Based Training
SBT is a whole task method (Reigeluth, 1999), that emphasizes performance and learning
by doing. It employs real-world problems as the basis of learning and, as Kindley (2002) states,
simulation makes learning by doing possible because it focuses on the learner’s performance
outcomes in a context that mirrors the real work environment.
For the warfighter the real work environment is the battlefield. “Train as you will fight,”
is one of the fundamental principles upon which Marine Corps training is based (USMC, 1996).
SBT is an ideal vehicle for training within the USMC as SBT includes real-world problems like
the pressures and “fog of war” as much as possible. At a time when avoidance of cost and the
need for realism drive use of SBT (Aldrich, 2004) SBT, with its potential to present complex,
authentic real-world tasks, lends itself to the type of task-centered instructional requirements
(Merrill, 2007) the Military employs. Sequencing and tailoring SBT to the trainee’s learning
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needs may lead to more efficient and effective training. However, when humans are the
originators of scenario sequencing, bottlenecks are created in the training process (Zook et al.,
2012).
SBT enables realistic settings that improve the learning experience and enables
demonstration of the desired knowledge and skills (Herrington & Oliver, 2000). By training in
an environment similar to the real one, trainees learn how to apply skills from the very beginning
in the proper context (Kenny & Pahl, 2009). Nardi (1997) states skills and knowledge are best
acquired within realistic contexts that allow learners to participate in knowledge construction and
skills training.
According to Aldrich (2004) a successful SBT relies on four ingredients, 1) authentic,
relevant scenarios, 2) pressure situations that tap user emotions and force them to act, 3) a sense
of unrestricted options and, 4) replayability. This is supported by Zook et al. (2012) who also
list replayability, but add tailoring and ease of reconfiguration as desirable capabilities within
SBT.
SBT relies on many principles of experiential learning in order to ensure problem-solving
experiences are situated and anchored in real-world situations (Iverson & Colky, 2004). The
situated learning that takes place eliminates the separation between learning and practical
application (Choi & Hannafin, 1995).
A central concept to this study is supported by Zook et al., (2012) who point out that like
serious games, SBT involves a progression of skill-based activities of increasing complexity
structured through narrative or scenarios. Conversely, if skill-based activities do not progress
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along a path of increasing complexity within the SBT then the training delivered will not
progress beyond Knowledge Skills and Abilities (KSA) acquired by the act of repetition.
However, even with the best of intentions and designs SBT simulators present their own
problems and limitations. Many simulators require experienced and skilled operators for the
simulators to realize their full potential (Good, 2003; Bremner, Aduddell, Bennett, & Van Geest,
2006; Parker & Myrick, 2009). In the USMC, due to rotation, operations tempo and absence of a
designated Military Operational Specialty (MOS) for the Instructor Operator (IO) or Senior
Instructor Operator (SIO) of simulated training systems, experienced, trained instructors are in
constant turnover. Consequently, expensive equipment with notable training affordances beyond
its intended purpose is often under-utilized (PM TRASYS, 2014b). In addition, access may be
limited when training efficiency and effectiveness is a vital consideration when only small
numbers of students can use simulation equipment at one time (Smith, Gillham, McCutcheon, &
Ziaian, 2011).
Scenario Complexity
In the USMC Combat Vehicle Training System (CVTS) program, SBT scenarios can be
sequenced manually by an IO or SIO based on training objectives, a description of the scenario,
the trainees’ level of experience, and operations requirements. Scenarios are also sequenced
automatically through software.
During the course of instruction, the IO may determine it necessary to take scenarios that,
due to time constraints or trainee performance, may reduce training efficiency or limit
effectiveness, and tailor them or create new scenarios to fulfill training objectives. This itself is a
time-consuming effort and depends on subjective experience and evaluation. Ullrich and Meles
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(2010) investigated recent attempts to develop courseware that would aid in the generation and
sequencing of content. Although their generator assembles a sequence of resources to support a
student in achieving learning goals, it incorporates only basic pedagogy; has no notion of
scenarios, and only a “book” of exercises from which to choose. That is, there is no automation
or adaptation of the scenario or, to borrow a term from Kindley (2002) there is no scenariation,
or software developed for the generation of tree-structured learning scenarios.
Although efforts to sequence scenarios have resulted in some promising products (e.g.,
Lockheed Martin’s Improved Crew Training Program [ICTP]) these products do not provide
computational values of complexity to their scenarios. Therefore, software cannot sequence
content based on performance with reliability or address trainee’s ZPD as there is no objective,
range or baseline from which to take act. That is, just as in the case of Shared Content Object
Reference Model (SCORM), such matrices are comprised of pre-produced scenarios which have
been constructed by the operators and do not offer empirically reliable or valid performancebased sequencing.
Figure 3 shows the ICTP matrix that automatically shepherds the AGTS trainees from the
lower left to the upper right in a trajectory of increasing difficulty (Lockheed Martin Corp.,
2012).
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Figure 3: ICTP Matrix
Task Complexity (TC)
A review of the literature finds several accepted definitions of TC (Kohn & Schooler,
1978; Wood, 1986; Frese, 1989; see Campbell, 1988 for a review). However, Dunne, Schatz,
Fiore, Martin et al. (2010) and Dunne, Schatz, Fiore, Nicholson et al. (2010) use Wood’s 1986
definition of TC. Wood asserts TC is operationalized and manipulated by increasing or
decreasing the number of sub-characteristics present in the task itself and that TC is the sum of
two sub-characteristics: 1) component complexity and 2) coordinative complexity.
Component complexity. This sub-characteristic is derived from three base variables:
number of subtasks, required acts, and information cues. Shown in Figure 4 these base variables
describe requirements of the task (e.g., engage and destroy two stationary targets) in a
hierarchical fashion, with the primary task listed at the top, (optionally) broken into n subtasks,
each of which may have n required acts and n number of information cues associated with them.
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Figure 4: Task Complexity Hierarchy
Task Framework (TF)
The second characteristic of SC, TF, expresses whether a task is well- or ill-defined by
determining the number of task paths and task outcomes. TF accounts for the relation between
task paths and the outcome associated with each, and addresses which outcomes are possible in a
given task (Campbell, 1991). Campbell (1998) proposes four defining characteristics of task
framework:
1. The presence of multiple potential ways (i.e., paths) to arrive at a desired end-state.
2. The presence of multiple desired outcomes (i.e., end-states) to be attained.
3. The presence of conflicting interdependence among paths to multiple outcomes.
4. The presence of uncertain or probabilistic links among paths and outcomes.
Task path is defined as the number of possible ways to arrive at the desired objective.
Having numerous ways to reach the desired objective decreases the complexity of a task
unless, as is often the case, the presence of multiple correct paths is illusionary or an
efficiency criterion is embedded in the task. Task outcome is defined as a criterion that must
be satisfied in order to reach the desired objective; again, to use the targeting example, the
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objective may require that the Gunner (GNR) identify target, choose ammunition and fire
within a certain time frame and successfully overcome the target. Conflicting outcomes are
those where successful achievement of one criterion can conflict with achieving another. For
example: to arrive quickly at a Battle Position (BP) without intruding on infantry Area of
Operations may require taking a long, less efficient route to the BP which is necessary to
avoid interruption of friendly activity. Uncertain linkages accounts for increase in cognitive
processing as a result of ambiguity, which increases the task’s complexity.
Cognitive Context Moderators (CCM)
As Dunne, Schatz, Fiore, Martin, et al. (2010) point out, Wood accounts well for
observable, procedural, skill and rule-based human performance but ignores unobservable,
cognitive task variables. Scenarios employed in SBT are often dynamic in nature such as flying
an airplane, driving a vehicle automobile, or targeting and firing from a moving platform. In
support, Reder and Schunn (1999) state that dynamic scenarios present a considerable cognitive
load when compared to static tasks. The complexity of these tasks likely affects trainee ability to
build and maintain situation awareness if the complexity exceeds available working memory
processing and storage resources (Jodlowski, 2008). To support SBT, an environment where all
domains of knowledge can be presented, it was proposed that cognitive tasks be accounted for in
the formula.
Cognitive tasks are operationalized by referencing the cognitive task analysis body of
literature. This field suggests that cognitive task analyses yield information about the
unobservable thought processes that underlie observable task performance (e.g., Schraagen,
Chipman, & Shute, 2000). Further, researchers already attempt to articulate the component parts
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of cognitive tasks. For instance, Campbell (1991) offers articulated details for how to
conceptualize decision, judgment, problem, and fuzzy tasks. Researchers such as Skehan and
Foster (2001) as well as Robinson (2003) propose the manipulation of a series of cognitive task
design factors to achieve different levels of task complexity, this supports the inclusion of the
CCM variable in the SC formula. These factors inform two cognitive models of task complexity:
Skehan and Foster’s Limited Attentional Capacity Model (2001), and Robinson’s Cognition
Hypothesis (2003).
Considering this, a moderating characteristic based upon the degree of stress and
distraction present in the scenario Dunne, Schatz, Fiore, Martin, et al. (2010) was added to the
SC formula. CCM is defined as external stimuli that affect the trainee by increasing cognitive
load or reducing cognitive resources for the task, or both, thus causing less complex tasks to
appear more complex. For example, driving in ideal conditions is a less complex task than
driving in fog or at night. For the purpose of this study values where derived from three
conditions: no distraction, very high distraction, and somewhere in between. Thus values from
zero to three were assigned from least to most distracting.
Dunne, Schatz, Fiore, Martin, et al. (2010) noted that care must be taken to discern the
difference between external stimuli and subtasks. Driving an M1A1 is moderated by unreliable
terrain, but communicating with the TC through the Combat Vehicle Communications device is
a subtask and not a cognitive context moderator unless, as previously mentioned, the
communication is unnecessary to the performance of the task or superfluous.
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Study Results
This study involved a single group (N=24) comprised of undergraduate students recruited
from a large southeastern university. Each participant completed four surveys that asked them to
indicate their subjective perception of the complexity levels of various scenarios. These
scenarios’ complexity levels were calculated a priori using the SC formula.
The hypothesis was that the SC calculation would be similar to the results produced by
the participants. In other words, it was expected that the formula yielded relatively comparable
results, regardless of who assessed the scenarios. An independent, one-sample t-test was
conducted to evaluate whether means were significantly different from the a priori test values.
Z-scores were derived to ascertain the degrees of agreement among participants’ values.
Z-scores between -1.249 and 1.249 indicated relative agreement as to a situation’s difficulty. Zscores < -1.25 or > 1.25 represented significant disagreement.
Two salient conclusions were drawn from the results of this study. First, Z-scores
indicated significant disagreement at spectrum extremes; low and high complexity scenarios had
a wider range of responses than did the middle-ground values. This suggested that there was a
wide degree of disagreement when it comes to the simplest and most complex situations. There
is, however, a significant level of agreement relating to middle-ground scenarios.
How these base variables, sub-characteristics and characteristics were modified and how
the total SC formula was revised by this author is discussed in Chapter Three.
Adaptive Automation
Adaptive automation refers to technology that can change its mode of operation
dynamically. From the ISD perspective the determination of agency is not codified during the
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design or development phases for adaptive systems processes. Human and machine agents of the
system are dynamic during the operation of the system (Parasuraman, 2003). Some forms of
automation allow dynamic changes in control function allocations between a machine and human
operator based on conditions of the integrated human-machine system (Scerbo, Freeman, &
Mikulka, 2003). Other systems perform adaptations during the training based upon trainee
performance (Snow, 1992). Many intelligent tutoring systems use this approach exclusively
(Ong & Ramachandran, 2005).
Proceduralizing the SC algorithm within the sequencing engine would allow automation
to occur on three levels; the IO or SIO initiates changes between automated and manual modes
or functionality (i.e., an adaptable system); the IO or SIO and the system initiate changes (i.e., an
adaptive system) (Scerbo et al., 2003) or only the system initiates changes (i.e., an automated
adaptive system).
Intelligent and adaptive computer-based tutoring has been pursued for almost 50 years
(Hartley, 1973; Kinshuk, Patel, & Scott, 2001); Grabinger (1996) notes that we have had the
technology to implement intelligent and adaptive systems as practical solutions for some time.
Scerbo (1996) agrees that adaptive technology represents the next step in the evolution of
automation and, according to Kenny (2006) SBT can sustain an interactive learning and training
environment with an automated, adaptive tutoring system at the core. Adaptivity is not restricted
to delivery of content as pointed out by the Kenny & Pahl (2009) article that also proposes
adaptive feedback within an intelligent and adaptive tutoring system. This last suggestion
however may have limited appeal to Military instructors.
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Melis & Ullrich (2003) suggest that training in a realistic setting, such as found in highfidelity SBT, needs to be combined with an automated tutor that provides immediate feedback
and adaptive guidance. Although detailed feedback is traditionally the province of the human
IO, Parasuraman & Sheridan (2000) state that computer hardware and software make it possible
for the computer to carry out functions the IO would normally perform. Automation can
objectively and efficiently carry out what is typically a subjective and time-consuming task.
This degree of automation, however, does not necessarily eliminate the human role in the
automation of a system (Parasuraman & Riley, 1997).
Burgos et al. (2007) proposes three types of automation: Interface based, learning flow
based, and content based. The most directly applicable to this research is the latter two. In the
learning flow based type, the system dynamically adapts to sequence the contents of the course
in different ways every time the exercise is run (Burgos et al., 2007). In the content based type,
resources and activities dynamically change their content based on adaptive presentation
(Brusilovsky & Miller, 2001; De Bra, Aroyo, & Cristea, 2004).
Levels of automation can differ in type and human-system integration, from organizing
information sources to suggesting decision options or even carrying out the necessary actions
(Parasuraman & Sheridan, 2000). Table 1 shows a 10-level hierarchy that represents increased
autonomy of computer over human action (Sheridan, 1987; Sheridan & Verplank, 1978;
Wickens, Mavor, McGee, & United States National Research Council, 1997).
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Table 1: 10-Level Automation Hierarchy
High 10. The computer decides everything, acts autonomously and ignores the human.
9. The computer informs the human only if it decides.
8. The computer informs the human only if asked.
7. The computer executes automatically, then informs the human.
6. The computer allows the human a restricted time to vet before automatic execution.
5. The computer executes the suggestion if the human approves.
4. The computer suggests one alternative.
3. The computer narrows the selection down to a few.
2. The computer offers a complete set of decision/action alternatives.
Low 1. The computer offers no assistance: human agent makes all decisions and actions.
Zone of Proximal Development and Krashens i+1
Merrill’s “pebble-in-the-pond” theory requires a good progression wherein each
succeeding task is more complex than those preceding (Merrill, 2007). A more complex task
involves more detail for some component characteristic or more total component skills than the
preceding task. However, the complexity of these tasks likely affects trainee ability to build and
maintain situation awareness if the complexity exceeds available working memory processing
and storage resources (Jodlowski, 2008). Careful sequencing is necessary to avoid overloading
and reducing training quality.
Two recent innovations, SCORM, and Augmented Cognition (AugCog), attempt to adapt
sequencing of content or task delivery depending on performance and learner state. However,
SCORM’s level of remediation or advancement depends on the content of its Program of
Instruction (POI) “package” and is limited to the number of branches designed and developed by
the ISD. AugCog depends upon bio-physiological input, sometimes gathered by distracting or
invasive, or both, sensors. AugCog’s purpose focusses on identifying work-load stress instances
to indicate mitigating strategies, not knowledge acquisition.
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Wang et al., (2009) propose an adaptive system based on students’ profiles to discover
the most appropriate learning sequences for particular teaching content. As with most efforts to
use adaptive instruction by calibrating entry level to pre-existing lesson sequencing, the
presentation of instruction remains static and linear –the same conditions which these efforts are
ostensibly attempting to avoid. While they attempt to address the problem of adhering to a fixed
learning sequence in the traditional setting they merely substitute one fixed learning sequence
with another.
Each of these prescriptions (Merrill, 2007; Wang, 2009) and efforts (SCORM, AugCog)
are the latest iteration in the education and instructional fields to use the concepts, in one form or
another, of the Zone of Proximal Development (Vygotsky, 1978) and i=1 (Krashen, 1982) to
optimize learner performance.
The basis of the ZPD and i+1 is the concept of increasing difficulty to optimize learning
acquisition. ZPD represents a phase in development where a person is unable to perform a task
alone but can eventually accomplish it with help from someone more experienced. After they
accomplish that task they continue their scaffolding to higher levels of skills and concepts by the
same method. Krashen’s i+1 describes a learner’s zone of current understanding or
comprehension (i) and the step above but not beyond understanding or comprehension (+1).
ZPD describes the range of difficulty of tasks that are too hard for the learner to complete
alone, but can be completed successfully with the appropriate assistance of someone more
knowledgeable (Louis, 2009). Vygotsky’s own translated definition describes the zone as “the
distance between the actual development level as determined by independent problem solving
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and the level of potential development as determined through problem solving under guidance or
in collaboration with more capable peers.” (Vygotsky, 1978 p. 86).
In the case of training or tutoring, Wood, Bruner, & Ross, (1976) explore the role of the
tutor in guiding the tutee through their ZPD. The qualities of the tutor are crucial in guiding the
development of the tutee (Wood et al., 1976; Chak, 2001) The most important quality is the
tutor’s ability to adjust level of guidance to the level of tutee’s functioning. It is easy to infer that
support beyond the child’s comprehension level, or redundant does little to motivate
development (Eun et al., 2008).
From the SBT perspective, the sequencing of scenarios and their levels of complexity are
similar to the tutor’s ability to adjust levels of guidance and content to the tutee. Utilizing
increasing complexity, adjusting levels to the ZPD of the trainee, guiding them along their
trajectory to successful completion of SBT enables transfer of KSA to real-world situations. Eun
et al., (2008) suggests “children who have successfully progressed through the ZPD should be
able to generalize skills they have acquired within the zone to other real-life situations... (p.
142)” This last point is vital to warfighters where real-life situations demand lethality and
survivability.
According to Krashen (1982), learned competence and acquired competence develop in
very different ways. In his view, learning occurs through the formal study of rules, patterns, and
conventions, a study which enables one to talk about and consciously apply the knowledge
gained. The most valuable input for acquisition, however, is language that goes just a step
beyond the structures which students have already acquired or, in Krashen's terminology, i + 1.
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Krashen states, “the input they [caretakers] provide for children includes i + 1, but also
includes many structures that have already been acquired, plus some that have not (i + 2, i + 3,
etc.) and that the child may not be ready for yet” (Krashen, 1982, p. 23).
These two theories’ similarities lead to attempts to draw parallel conclusions (Evensen,
2007; Schinke-Llano, 1993) as well as arguments that any similarity is at best superficial (Dunn
& Lantolf, 1998; Lantolf, 2008). Lantolf (2008) clarifies the issue by asserting that, “Krashen's
i+1 is a construct that relates to everyday learning, which should be replicated in the educational
setting, while Vygotsky's ZPD is much more closely connected to intentional educational
development of the person.” This author asserts that in SBT, where experiential learning forms
the basis and intentional educational development the objective, Lantolf’s attempt to differentiate
dissolves. That is, if one accepts Lantolf’s description, then in SBT, i+1 and ZPD encompass
and fulfill the same intentions. A reconceptualization of these two concepts, at least in their
application to SBT, is in order.
In any case, for these zones to be operationalized they must be computationally defined
and it is to this end, and within these conceptual frameworks that the SC algorithm is herein
researched.
Review Conclusions
As result of this literature review it was established, that a significant gap at the
intersection of SBT + automated + adaptive + complexity exits. In absence of adequate previous
research on the proposed topic it can be concluded that this research and study is innovative and
unique. While contributory literature in the areas of SBT, adaptive automation and, of course,
foundational theoretical research such as Vygotsky’s and Krashen’s are readily available, efforts
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of this study’s author notwithstanding there is no locatable material regarding efforts to
computationally define SC.
Literature pertaining to adaptive instruction presents a venue of robust research topics in
education and training, but it lacks adequate representation of research relating to automation of
SBT. Research that involves automating and adapting SBT environments also lags.
Where appropriate, application of literature findings to this research was forwarded. For
example, according to Aldrich (2004) a successful SBT relies on four ingredients, 1) authentic,
relevant scenarios, 2) pressure situations that tap user emotions and force them to act, 3) a sense
of unrestricted options and, 4) replayability. This is supported by Zook at al., (2012) who also
list replayability, but add tailoring and ease of reconfiguration as desirable capabilities within
SBT. Implementation of the SC algorithm will fulfill these requirements for successful SBT.
Furthermore, software solutions that allow the IO or SIO and the system to initiate
changes (i.e., an adaptive system) (Scerbo et al., 2003) or only the system to initiate changes
(i.e., an automated adaptive system) can be implemented with the SC algorithm.
In the final analysis not only is there a vital gap which this research addresses, but the
findings of this research may extend and fulfill the needs identified by the review of salient
literature.
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CHAPTER THREE: METHODOLOGY
This chapter describes the procedures, participant demographics, research design,
instrumentation and materials, with a special focus on the construction of the revised SC
algorithm, and describes the statistical regime. For clarity, this chapter also includes a “notional
narrative” that illustrates what may be considered an intricate data collection procedure, from
start to finish. This chapter includes the following sections: 1) introduction; 2) participants; 3)
materials and instrumentation; 4) ethical considerations; 5) procedure; 6) notional narrative and
7) statistical analysis.
Introduction
The purpose of this research was to examine the efficacy of the Scenario Complexity
(SC) algorithm to enable Educators or Trainers, Instructional System Designers (ISD) and
software engineers to objectively and computationally define SC. Part of this process included a
period of instruction given to the participants, Subject Matter Experts (SME), in the
identification of the base variables that comprise the SC algorithm. Using this knowledge SMEs
then determined the values of those SC base variables. These base variables, once calculated,
determined the objective total SC values which were then ranked and compared to an existing
matrix sequence derived from the Improved Crew Training Program (ICTP) embedded in the
Abrams Main Battle Tank (M1A1) Advanced Gunnery Training System (AGTS).
This research is intended to advance the field of Scenario Based Training (SBT) by
indicating a method of designing SBT that adapts and automatically initializes, constructs, and
sequences scenarios based on trainee performance. With the base variables, and characteristics
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of the revised SC algorithm this research uses the ICTP matrix as a filter through which the
efficacy of the revised SC algorithm is evaluated.
For this study, the following research questions were asked:
Q1: How consistent were the SMEs ratings of the items?
Q2: How well do the SMEs rankings match to the ICTP sequences of the training matrix?
Participants
This study was conducted with participants from the United States Marine Corp (USMC)
2nd Tank Battalion stationed at Camp Lejeune, NC. These participants were Instructor Operators
(I/O) and Senior Instructor Operators (SI/O) that supervise and deliver M1A1 AGTS training.
They are combat veterans and well-grounded in the training requirements of the M1A1 crew.
Within the USMC there are only 202 M1A1 active duty and reserve unit tank crews
combined. From this pool only a few are chosen to be I/Os, and fewer to be SI/O. They are
considered to be SMEs by the M1A1 Tank community. Although the M1A1 AGTS is also
employed by the US Army and the Saudi Arabian National Guard there may still only be a total
of 50 AGTS I/O and SI/O worldwide. Gathering 10% of this population in one place can be
considered extraordinary. The researcher was very fortunate and humbled to have this rare
opportunity and to be granted access to these five AGTS SMEs from 2nd Marine Expeditionary
Force (MEF), 2nd Tanks Battalion.
Whereas this limited number is a detriment to human subject research, the statistical
regime proposed focusses on the algorithm’s items not the participants. Each participant
provided 260 raw data points resulting in a robust total of 1300 raw data points. These raw data
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points, and the hundreds of statistically relevant data points derived from them are the subject of
investigation and not the participants, or their reactions.
Materials and Instrumentation
This section describes the materials and instrumentation used in this study with a special
focus on the construction of the revised SC algorithm. This study used four instruments: a
Demographics survey, and three phases of SC evaluations. The primary material used during the
data collection is the SC overview and “cheat sheet” (Appendix B). The ICTP shown in Figure 5
served as the material to which results of the evaluations were correlated. Since this
dissertation’s research questions revolve around the revised SC algorithm, this section also
includes a detailed description of the evolution of the SC algorithm.
Demographics Survey
The demographics survey includes general questions such as rank, age and length of time
in their Military Occupational Specialty (MOS). Participant details assisted in identifying
possible explanation for uncovered variances. Results are contained in the Chapter Four and
discussed in Chapter Five.
The Scenario Complexity Overview and Cheat Sheet
To determine how well the subjective matrix captures the objective level of difficulty, the
SME participants (IOs and SIOs) received a period of instruction in identification of scenario
base variables that, when calculated using the SC algorithm, determine sub-characteristic,
characteristic and total SC values. In addition to this instruction, the participants were also
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supplied with a cheat sheet to aid them during each of the three evaluation phases. The
instruction and cheat sheet are contained in Appendix B.
Scenario Evaluations
To answer the first research question each of the SME’s participated in three phases of
scenario evaluations. These evaluations consisted of a description of the scenario situation, as
provided by the ICTP scenario descriptions (Lockheed Martin, 2012) and fields where the SMEs
entered their values for the SC base variables. Using these base variables, the subcharacteristics, characteristics and total SC value were derived from revised SC algorithm.
During the analysis results from these three scenario evaluations phases were compared for
reliability and then correlated to the ICTP matrix.
The ICTP
To answer the second research question, the SC rankings, as derived from the SME
evaluations were correlated to the difficulty rankings as established by the ICTP matrix.
The instructional software embedded in the M1A1 AGTS is intended to present trainees
with scenarios as sequenced through the ICTP matrix. This software recommends a trajectory
from novice to expert in order for the trainees to achieve the desired Knowledge, Skills and
Abilities (KSA). Thus, scenarios are intended to range from very simple to very difficult.
However, the ICTP matrix is a result of designer and software engineer subjective perceptions of
scenario difficulty.
The ICTP, shown in Figure 5 below, provides entry points where the crew can be inserted
into the training system based on current training level. However, once the crew is entered into
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the system, only an SIO has the ability to change the location or progression path (Lockheed
Martin, 2012).

Figure 5: ICTP Matrix
Revised SC Algorithm
This research is based off a SC algorithm used for a pilot study conducted by the author
(Dunne, Schatz, Fiore, Martin et al., 2010; Dunne, Schatz, Fiore, Nicholson et al., 2010). To
understand the progression from that algorithm to the equation investigated by this research the
following description is provided.
The first SC algorithm consisted of 10 base variables, two sub-characteristics (i.e., TC1
and TC2), and three characteristics: Task Complexity (TC), Task Framework (TF), and Cognitive
Context Moderators (CCM). The algorithm was formulated as:
𝑆𝐶 = (𝑇𝐶 + 𝑇𝐹)CCM

(1)

45

The calculation for the TC characteristic was derived from the sum of sub-characteristics
TC1 (i.e., total required acts, total subtasks in each task, plus the number of information cues) and
TC2 (i.e., total subtasks and total of inter-dependent subtasks). The calculation of variable TF
was derived from the number of task paths (p) raised by the degree of uncertainty in the paths
(u), plus the number of task criteria (o) raised by the number of criteria conflicts (c) plus one.

TF
TFi
P
U
O
C

Table 2: Task Framework Key
sum from i+1 to N of TFi
pu +o(c + 1)
# of paths in task i
degree of uncertainty in the paths in task i
# of criteria that must be satisfied in task i
# of conflicts in task i

CCM was simply the degree of stressors from the set {0, 1, and 2} + 1 (since the
exponential component of an equation cannot = 0).
The study indicated the equation to be promising, but questions remained. A maximum
value and proportion equation analysis was conducted on the original formulation and three
salient issues were identified:


TF*CCM overpowered TC1 and TC2.



TF had an exponential growth rate where TC1 and TC2 were linear.



TC2 could not handle the transitive property with respect to inter-dependencies.
Results of the analysis indicated a TF maximum value (limited to 10) to be 10020 + 10091.

With such a high value, the maximum complexity total was in excess of 27*10182.
Proportionately, this created an imbalance where maximum TC value accounted for < 1% of the
total complexity value.
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To address these issues, a modification was made to make the calculation based on a per
subtask basis rather than a total task basis. This changed TF to be the sum of intermediate
subtask framework values for each task. Secondly, it is assumed that unknown outcomes could
actually be a result of conflicting outcomes. Including conflicting outcomes as a unique base
variable could be considered redundant. In addition, because the low end (≤ 10) maximum
calculation allowed sufficient range for granular discernment while using exponential terms
above 10 belied the same difficulties recalculation was intended to redress, the conflicting
outcomes exponent was removed from the equation altogether and the two base variable terms
merged.
Hence a determination is made that any degree of uncertainty/conflict that rose above 10
was calculated not as exponential, but as multiplicative. Trial evidence indicated that modifying
inputs that exceeded 10, and were treated by multiplication as opposed to exponentiation, still
allowed a range which enabled discernment of a range of complexity. The same trial evidence
indicated the base variables associated with TC1 (i.e., the number of required acts and number of
subtasks) became identical when operating with an integrated and complex task –such as those
found in the M1A1 AGTS scenarios. Therefore, while it may not be necessary for simple tasks,
the redundancy of the base variables became problematic in calculation of total SC. Thus, the
number of subtasks base variable was removed from TC1 but was retained for TC1 where there
was no evidence of redundancy.
These changes significantly lowered the maximum value of TF to TFi = 102 + 109 where
TF = (MAX # of subtasks)*TFi or, TF = 100,000,001,000. This in turn lowered the maximum
SC total to a more manageable 2,700,000,027,210. However, this made no significant difference

47

in proportion as TF*CCM was still overpowering TC due to the exponential growth of the TF
characteristic whereas TC was linearly calculated.
This meant TC would only become significant in scenarios with a low TF value or with
just one task and no sub-tasks. Another consequence of this was the complexity value for a
scenario was still fairly large. This created the condition where, at a certain point, the desired
purpose, and intent of calculating complexity value was lost in dealing with these huge numbers.
Such was also the case when the uncertainty/conflict modifying variable exceeded 10.
At this point, methods for reducing the overall complexity value were investigated. One
solution was to change the complexity value to logarithmic units similar to the way decibels are
calculated to get manageable intermediate values.
Another solution to reduce the overall complexity value was to bound complexity to a
range similar to the pH scale. A problem with bounding was complexity can be potentially
infinite in the general case. To solve this problem consideration was given to sigmoid functions
(von Seggern, 2007) as a way of producing an asymptotic bound. In this way, the closer the
value got to this asymptote the more the complexity grew. However, this solution does not affect
the intermediate values, which remained unmanageable.
In regards to the issue of growth rate, equations for lowering the growth rate of TF were
explored but imbalances still existed due to extremely low calculated values of TC1 and TC2. The
elimination of the number of sub-tasks base variable from TC1 only exacerbated the condition.
Ultimately, none of these ideas balanced TF*CCM with the TC values. So instead of
manipulating the growth of the whole equation or lowering TF's growth, solutions for changing
the growth of the overall TC value were explored.
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The first important observation was that TC1 seemed to have a better role as a modifier
than TC2. Therefore, instead of being a separate term in the SC polynomial, TC1 was changed to
multiply TC2. The second important observation was TC2 did not accurately represent the growth
associated with adding more interdependencies between tasks in the scenario. Therefore, TC2’s
growth was changed to exponential. However, as with the TF variable, at the low end (<10)
maximum calculation allowed sufficient range for granular discernment while using exponential
terms above 10 belied the same difficulties revision was intended to redress.
Similarly, a determination was made that any number of information cues which rose
above 10 were calculated not as exponential, but as multiplicative. Trial evidence indicated
numbers exceeding 10, and treated by multiplication as opposed to exponentiation, still allowed
a range which enabled discernment of a range of complexity.
In the meantime, as with TF, it must be assumed that, if information cues = less than 10,
then the level of complexity was less than if the number of information cues was greater than 10
and, as such, may deserve a separate consideration.
Thus:
Table 3: Revised Task Framework Key
TF sum from i+1 to N of TFi
TFi pu +o (while u = less than 10) p*u+o
(
while u = greater than 10)
p
# of paths in task i
u
degree of uncertainty/conflicts in the
paths in task i
o
# of criteria that must be satisfied in task i


TC = TC1*TC2



TC1 = sum of required acts in each task + sum of information cues
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TC2 = (# subtasks)^(# of interdependent subtasks where # of interdependent subtasks is
10 or less)



TC2 = (# subtasks)*(# of interdependent subtasks where # of interdependent subtasks is
greater than 10)
Now TC was comparable to TF*CCM but TC2 didn't seem representative of tasks in the

scenario that were interdependent. To illustrate; task sets that would have the same complexity
value but be very different. Define four tasks A, B, C, and D. Task A is interdependent with task
B. Task C is interdependent with task D. The number of interdependent subtasks is 4 in this case
since all tasks have a task they are interdependent with. If the interdependencies are changed to
make tasks A, B, C, and D all interdependent of each other the number of interdependent
subtasks in this case is also 4. The case where all tasks are interdependent should be more
complex than the case where two separate sets of tasks are interdependent.
Another problem was if task A was interdependent of task B and task B was
interdependent of task C; task A and C should be interdependent since interdependency should
maintain the transitive property but the equation didn't model this.
A solution came in finding the number of connected components in the inclusive graph of
interdependencies as the way of determining the complexity value for interdependency. This
approach could also be rephrased using sets of tasks. For example, in the case of sets {{A}, {B},
{C}, and {D}} where no tasks are interdependent this set should yield the lowest complexity
value. In the case where tasks A and B were interdependent and tasks C and D are
interdependent, unions of interdependent tasks would make the task sets look like this: {{A, B},
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{C, D}} and, where all the tasks are interdependent, the task set would look like this: {{A, B, C,
D}}. Looking at all of these sets the number of items in the top-level set changes.
To calculate complexity, the exponent of TC2 was defined as: (# of subtasks - # of items
in the set of interdependent groupings of the subtasks). Thus, in a set of four tasks where all the
tasks are interdependent the exponent will be 3, and in the case of {{A, B}, {C, D}} the
exponent would be 2. Another, perhaps easier way to look at this exponent is the number of
unions it takes to form the final interdependent groupings. This task grouping method maintains
the transitive property for interdependent tasks.
TC2 = (# subtasks) ^ (# of subtasks - # of connected components in the interdependency
graph of the subtasks).
Or:
TC2 = (# subtasks) ^ (minimal number of unions to obtain the final interdependent task
set).
The final modification was moving CCM to TC from TF. This was done due to the
observation that, as a cognitive modifier, CCM influences the trainee’s performance of a task by
increasing task and cognitive load, but does not modify the framework of the task which is
outside the influence of distractors. That is, no matter the distractors or moderating conditions
that are presented, the framework remains static.
Thus, including the variable modifications mentioned, the revised SC algorithm utilized
for this study is:
𝑆𝐶 = 𝑇𝐶 × 𝐶𝐶𝑀 + 𝑇𝐹

(2)
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Ethical Considerations
This study began after obtaining approval from the University of Central Florida
Institutional Review Board (Appendix A). All participants were read the researcher’s protocol
detailing their rights as participants, including the right to withdraw participation at any time
without consequence. No potential of harm was present, and all participants were aware of the
purpose of data collection. There were no anticipated risks, compensation, or other direct
benefits. Participant responses were documented, analyzed and reported anonymously to protect
their privacy. All participant data is confidential.
Procedure
The data collection and research procedure for this study followed three distinct steps:
demographic survey, period of instruction, then three scenario evaluation phases.
Notional Narrative
This section is included in order to illustrate, through narrative, a participant’s notional
experience.
Staff Sergeant (SSgt) Alpha, an IO for the M1A1 AGTS is sat in a classroom with four
other USMC Active Duty M1A1 AGTS IOs and SIOs. He receives greetings, thanks and
introduction from the researcher. He is read the researcher’s protocol and then given a pen or
pencil and a pad of paper followed by an informed consent form. After he signs he is presented
with a simple demographics survey that asks him such things as rank, years in service and
deployment background.
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Upon completion the survey is taken up by the researcher and SSgt Alpha is given a
period of instruction on how to identify the base variables of a scenario that determine its level of
complexity and a “cheat sheet” that he can use for the rest of the study (Appendix B). At
completion of the instruction he is given a 15 minute break.
After he returns, he is given a set of 10 scenario descriptions from the Training System
Utilization Handbook (TSUH) (Lockheed Martin, 2012) with fields where he can enter his
responses to each of the algorithm’s base variables.
After all participants are finished this phase, the researcher takes his answers up. The
researcher then opens the floor to questions and discusses differences in responses to further his
understanding. After no more questions the researcher hands him another set of 10 scenario
descriptions.
SSgt Alpha repeats this process: evaluation then discussion, twice more.
After completion, time is given for questions, discussion and thanks from the researcher.
Statistical Analysis
To investigate Q1 (i.e., How consistent were the SMEs ratings of the items?)
generalizability coefficients, derived from implementation of Generalizability Theory (Brennen,
1992) were attained.
Generalizability (G) Theory is a statistical framework for conceptualizing, investigating,
and designing reliable observations. It is used to determine the reliability (i.e., reproducibility)
of measurements under specific conditions. It was originally introduced in Cronbach,
Nageswari, & Gleser (1963). By using G Theory individual formula factors can be examined to
determine level of error or importance. G Theory also provides a powerful extension of the
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Spearman-Brown "prophecy" formula, enabling the design of efficient data collection plans for
specific measurement applications. That is, some factors may be more important in the SC
algorithm than others; some may be extraneous.
The G Theory equations in relation to the SC total value and each of the SC components
are presented in Chapter Four and Tables 4, 5, 6 and 7.
An often overlooked consideration, in regards to degree of reliability, is the level of
acceptability when interpreting results of different types of research. Nunnally (1978)
recommends that instruments used in basic research have ≥ .70 reliability but increasing
reliabilities beyond .80 was unnecessary. However when the research is high consequence, as in
the case of research involving aspects of warfighter training, reliability should be at least .90,
preferably .95 or better (Nunnally, 1978). Therefore, only reliability levels ≥ .90 will be
considered very good or acceptable for this study.
To investigate Q2 (i.e., How well do the SMEs rankings match to the ICTP sequences of
the training matrix?) both Spearman’s rho and Kendall’s tau b correlations were conducted to
determine correlations between how the SMEs ranked the scenarios in terms of complexity and
how the ICTP matrix ranks the scenarios in terms of difficulty.
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CHAPTER FOUR: RESULTS
This chapter presents the results of the Subject Matter Expert (SME) responses and is
divided into four sections: 1) introduction; 2) research question one; 3) research question two;
and 4) demographics. Q1 is broken down by total Scenario Complexity (SC), SC characteristics,
SC sub-characteristics and SC base variables results. Each of the coefficient sections are
delineated time-wise by presenting results, in order, from each of the three data collection
phases. The correlation section is like-wise delineated.
Introduction
The purpose of this research was to examine the efficacy of the SC algorithm to enable
Educators or Trainers, Instructional System Designers (ISD) and software engineers to
objectively and computationally define SC. Part of this process included a period of instruction
given to the participants, Subject Matter Experts (SME), in the identification of the
characteristics that comprise the SC algorithm. Using this knowledge, SMEs then determined
the values of the SC base variables. These base variables, once calculated, determined the
objective total SC values which were then ranked and compared to an existing matrix sequence
derived from the Improved Crew Training Program (ICTP) embedded in the Abrams Main Battle
Tank (M1A1) Advanced Gunnery Training System (AGTS).
This research is intended to advance the field of Scenario Based Training (SBT) by
indicating a method of designing SBT that adapts and automatically initializes, constructs, and
sequences scenarios based on trainee performance. With the base variables, and characteristics
of the revised SC algorithm this research uses the ICTP matrix as a filter through which the
efficacy of the revised SC algorithm are evaluated.
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This remainder of this chapter contains three sections; each of the first two sections
answers one of the research questions and the third presents results of the demographics survey.
Q1: How Consistent Were the SMEs Ratings of the Items?
In the case of research involving high consequences, such as research involving aspects
of warfighter training, reliability should ≥ .90, preferably ≥ .95 (Nunnally, 1978). Therefore, for
this study, only reliability levels ≥ .90 are considered very good. Thus, results of this research
are reported using the following standards of the degree of reliability: < .75 = Poor; ≥ .75 but ≤
.90 = Modest; ≥ .90 = Very good.
Total Scenario Complexity
After the SMEs had been given instruction on how to identify and enumerate the base
variables of the SC algorithm they were given three phases of evaluations that contained 10
scenario descriptions each and were asked to determine and enumerate the base variables
present. It is from these values that the total SC is derived.
Table 4 shows the G Theory foundational equation and it’s relation to the SC G Theory
equation.
Table 4: G Theory as Expressed for SC
G Theory foundation equation 2i = 2p ÷ 2p + (2e ÷ ni)
SC Equation using G Theory 2r = 2sc ÷ 2sc + (2e ÷ ni)
The G Theory foundation equation is expressed where 2p = the variance of the
examinees’ universe scores, p; 2i = the variance of the rater means, i; 2e|i = the variance of epi
for rater i; 2e = the average over all raters of 2e|i; and 2X|i = the variance of Xpi for rater i; and n
= number of raters. For the analysis of the G coefficients of the total SC, r = rater; sc = SC.
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The G coefficients of the total SC values, as derived from the base variables evaluated
and enumerated by the SMEs and calculated using the algorithm, were found to be poor in the
first phase (.625) modest in the second phase (.872) and very low (.005) in the third and last
phase.
Scenario Characteristics
In the analysis of the G coefficients of the three values of the Scenario Characteristics,
determinants of the total SC derived from the identified and enumerated base variables, r = rater;
ccm =

Cognitive Context Moderators (CCM); r = rater; tf = Task Framework (TF) and r = rater; tc

= Task Complexity (TC). Thus the G Theory base variable equations are expressed as:
Table 5: Base Variable Equations
Base variable CCM equation 2r = 2ccm ÷ 2ccm + (2e ÷ ni)
Base variable TF equation
2r = 2tf ÷ 2tf + (2e ÷ ni)
Base variable TC equation
2r = 2tc ÷ 2tc + (2e ÷ ni)

The G coefficients of the Scenario Characteristics values, as derived from the base
variables evaluated and enumerated by the SMEs and calculated by using the algorithm, were
found to be, in the case of CCM, mixed. In the first phase the responses were sufficiently
restricted in range as to render determination of consistency moot. That is, where the range of
possible responses is restricted, and the responses almost identical, no reliable or valid
determination of consistency is available; enough variance was present in the second phase to
indicate poor (.490) and excellent (1.00) in the third and last phase.
The TF G coefficients were very good (.923) in the first phase but dropped to poor (.716)
and (.625) in the second and third phase respectively.
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In order of phase, G coefficients for TC were poor (.625) very good (.902) and poor
(.005).
Scenario Sub-Characteristics
To analyze the G coefficients of scenario Sub-Characteristics that comprise the TC
characteristic, r = rater; cc = Component Complexity and r = rater; coord = Coordinative
Complexity. Thus the G Theory equations are expressed as:
Table 6: G Theory Sub-Characteristic Equations
CC Sub Characteristic
2r = 2cc ÷ 2cc + (2e ÷ ni)
Coord Sub Characteristic 2r = 2coord ÷ 2coord + (2e ÷ ni)

The G coefficients of Component Complexity and Coordinative Complexity, derived
from the base variables, and sub-characteristics of the TC Characteristic were revealed to be, in
the case of Component Complexity, very good in all three phases (.989), (.990) and (.996)
respectively. Coordinative Complexity G coefficients showed as poor in first phase (.625) very
good in the second (.907) and poor again (.623) in the third and last phase.
Scenario Base Variables
The G coefficients for the eight base variables use the following: r = rater; a = required
acts, r = rater; ic = information cues, r = rater; st = sub-tasks, r = rater; idt = interdependent tasks, r
= rater; tp = task paths, r = rater; tcr = task criteria, r = rater; ucp = unknown/conflicting paths, r =
rater; d = distractors. The G Theory equations for these base variables are expressed as:
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Required acts equation
Information cues
equation
Sub-tasks equation
Interdependent tasks
equation

Table 7: Base Variable G Theory Equations
Task paths equation
2r = 2a ÷ 2a +
2
( e ÷ ni)
Task criteria equation
2r = 2ic ÷ 2ic +
2
( e ÷ ni)
unknown/conflicting paths
2r = 2st ÷ 2st +
2
equation
( e ÷ ni)
2
2
2
 r =  idt ÷  idt + Distractors equation
(2e ÷ ni)

2r = 2tp ÷ 2tp +
(2e ÷ ni)
2r = 2tcr ÷ 2tcr +
(2e ÷ ni)
2r = 2ucp ÷ 2ucp +
(2e ÷ ni)
2r = 2d ÷ 2d +
(2e ÷ ni)

Each of the scenario Base Variable value G coefficients, evaluated and enumerated
directly by the SMEs, were calculated and, in order of phase, were shown to be very good for all
three phases of the Required Acts base variable (.981, .987 and .998), very good for all three
phases of the Information Cues base variable (.966, .977 and .990) again, very good for all three
phases of the Sub-Tasks base variable ( .986, .939, .998) all three phases of Interdependent Tasks
were also very good (.982, .944, .998). Task paths continued the trend with very good G
coefficients for all phases (.948, .917, and 1.00). Task Criteria yielded excellent and very good
results (1.00, .928 and 1.00) as did Unknown/Conflicting Paths (1.00, .920, .998). The
Distractors G coefficients varied from the first phase, where execution was stopped to a second
phase poor (.363) and final phase excellent (1.00).
Table 8 below summarizes these findings.
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Table 8: Summary of Generalizability Coefficients by Evaluation Phase
Evaluation Phase
1
2
3
G coefficient G coefficient G coefficient
Total Scenario Complexity
SC
.625
.872
.005
Characteristics
CCM
*
.490
1.000
TF
.923
.716
.625
TC
.625
.902
.005
Sub-Characteristics
Component Complexity
.989
.990
.996
Coordinative Complexity
.625
.907
.623
Base Variables
Acts
.981
.987
.998
Cues
.966
.977
.990
SubTasks
.986
.939
.998
InterDependentTasks
.982
.944
.998
Task Paths
.948
.917
1.000
Task Criteria
1.000
.928
1.000
Unknown/Conflicting Paths 1.000
.920
.998
Distractors
*
.363
1.000
* Responses were too restricted in range to allow determination of variance

Q2: How Well do the SMEs Rankings Match to the ICTP Sequences of the Training Matrix?
Correlation of SME scenario complexity evaluations, as derived from their objective
calculations to the subjective sequencing of the ICTP matrix was conducted in three stages; each
phase’s results were then correlated by SME to ICTP sequencing.

Phase 1
SME SME to
Matrix
Kendall’s
tau b
1
.102
2
-.114
3
-.045
4
-.047
5
-.047

Table 9: SME to Matrix Ranking Correlations
Phase 2
Phase 3
SME to
SME to
SME to
SME to
Matrix
Matrix
Matrix
Matrix
Spearman’s
Kendall’s
Spearman’s
Kendall’s
rho
tau b
rho
tau b
.110
-.398
-.500
.000
-.183
-.613
-.759
-.225
-.140
-.660
-.821
-.225
-.093
-.349
-.462
.022
-.093
-.210
-.295
.022
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SME to
Matrix
Spearman’s
rho
-.018
-.274
-.274
-.018
-.018

In evaluation phase I SME 1 had a significant correlation at the .01 level to SMEs 4 and 5
(.915 and .952 respectively). This means that over 90% of the time, they agreed as to the
sequencing of the scenarios. SME 4 had a significant correlation at the .01 level to SME 5
(.830).
SMEs 1 and 2 had a significant correlation at the .01 level (.806). There was no
significant correlation between the ICTP matrix sequencing and any of the SMEs.
In evaluation phase II SME 1 had a significant correlation at the .01 level to SMEs 2 and
4 (.903 and .964 respectively) and a significant correlation at the .05 level to SME 5 (.661). This
means that over 90% of the time, SMEs 1, 2 and 4 agreed and over 60% of the time SME 1 and 5
agreed to the sequencing of the scenarios. SME 2 had a significant correlation at the .01 level to
each of the other SMEs. The ICTP matrix was significantly negatively correlated to each of the
SMEs showing the greatest negative correlation to SME 2 (-636).
In evaluation phase III SME 1 had a significant correlation at the .01 level to SMEs 4 and
5 (.952) and a significant correlation at the .05 level to SME 2 (.648). This means that over 90%
of the time, SMEs 1, 4 and 5 agreed and over 60% of the time SME 1 and 2 agreed to the
sequencing of the scenarios. SME 2 and 4 had 100% agreement (1.00) and SME 3 and 2 had a
significant correlation at the .01 level (.988). The ICTP matrix was significantly negatively
correlated to SME 2 and 3 (-.139 and -.188).
Demographics
The demographics survey results, shown in Table 4, include general questions such as
rank, age, and length of service. These results help to uncover level of experience with the
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AGTS, level of warfighting experience and frequency of their training duties in order to address
any anomalies that may arise during data collection or data analysis.
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Table 10: SME Demographics

ID
SME1
SME2
SME3
SME4
SME5

Age
27
29
25
26
27

1 = LCPL
2 = CPL
3 = SGT
4 = SSGT
3
4
1
1
3

Years
in
Service
9
11
3
3
9

Primary
Crew
AGTS
position
1 = GNR
2 = TC

Deployed
Overseas
1 = Yes
2 = No
2
2
1
1
2

1
1
1
1
1

0 = no,
1=Afghanistan
2=Iraq
3=Iraq and
Afghanistan
3
3
1
1
2
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Directly
Responsible
for training
other
Marines
1 = Yes
2 = No
2
1
1
1
1

If Yes how
often
1 = Daily
2 = Once a
Week 3 = Once
a Month 4 =
Less Often
1
2
1
4
1

If Yes, how
long an
instructor
3
5
.83
2
4

Are you a
certified I/O
1 = yes
2 = no
1
1
1
1
1

CHAPTER FIVE: DISCUSSION
This chapter summarizes and discusses this study’s results and is divided into eight
sections. Section one presents a brief overview of the study; section two discusses the
limitations relative to the study’s methodology and results; section three presents a discussion of
the results for research question one with results for research question two presented in the fourth
section. Significance of these findings for Educators and Trainers, Instructional System
Designers (ISD) and Researchers are described in section five. Section six discusses implications
for four areas (i.e., the SC algorithm, serious games, academia, Military) and section seven
presents recommendations that focus on future research, section eight presents recommendations
that focus on practice and a brief summary and conclusion is in section nine.
Overview of Study
The Military has been at the forefront of Scenario Based Training (SBT) since the first
flight simulator was adopted in 1934 (Link, 2009) and continues to incorporate simulation and
associated instructional software into their Programs of Instruction (POI).
At the core of United States Marine Corps (USMC) training is the instructional strategy
of “crawl, walk, run”. The “crawl, walk, run” approach creates training trajectories that require
acquisition and maintenance of knowledge, skills, and abilities (KSA) at ever advancing levels.
This is a standard instructional strategy in the US Army and USMC and is supported by learning
theories described by Vygotsky (1972) and Krashen (1982). However, in this technologically
advanced era progression of training difficulty continues to be based on subjective perception. If
effective sequencing of SBT is to be ensured, training progression must stem from a scenario’s
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objective level of complexity; a value, or operational sum that can be objectively determined and
computationally actionable.
To computationally define Scenario Complexity (SC) this author developed an algorithm
that included characteristics such as: Task Complexity (TC), Task Framework (TF) and
Cognitive Context Moderators (CCM). These characteristic’s values were derived from base
variables including number of sub-tasks and conflicting outcomes that, in turn, enabled
calculation of total SC. Two papers document these efforts and results: Dunne, Schatz, Fiore,
Martin et al., (2010) and Dunne, Schatz, Fiore, Nicholson et al., (2010).
Outcomes of those efforts indicated promising results, and further analysis of the
algorithm led to the revisions of the SC algorithm researched for this dissertation.
The purpose of this research was to examine the efficacy of the revised SC algorithm to
enable Educators or Trainers, ISD and software engineers to objectively and computationally
define SC. Part of this process included a period of instruction given to the participants, Subject
Matter Experts (SME), in the identification of the base variables that comprise the SC algorithm.
Using this knowledge SMEs then determined the values of the SC base variables. These base
variables, once calculated, determined the objective total SC values which were then ranked and
compared to the existing training matrix sequence of the Improved Crew Training Program
(ICTP) embedded in the Abrams Main Battle Tank (M1A1) Advanced Gunnery Training System
(AGTS).
To automate and, more importantly, adapt to the performance of the trainee software
solutions must be in place to computationally define SC value and prescribe the complexity level
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of the follow-on scenario according to conceptual frameworks as described by Vygotsky’s Zone
of Proximal Development and Krashen’s i+1.
Dunne, Schatz, Fiore, Martin et al. (2010, p. 2) assert “it is crucial to objectively
define and instantiate scenario complexity so the software can calibrate and assemble
appropriate SBT episodes. Successful instantiation depends on creating an objective
computational metric of the subjective notion of difficulty”.
Limitations
The integrated learning domains and expansive task-specific components researched
here, while enabling a very large data set, were also very problematic. The highly
proceduralized tasks allowed for a high degree of agreement among participants. That is, it is
possible subjectivity played a less influential role here than it may in other circumstances and
within other domains.
In any case, a greater number of participants would benefit the determination of
generalizability. It was simply not possible to gather a larger contingent of SMEs.
Also, as it was beyond the scope of the investigation, no attempt at a longitudinal design
to determine if the lessons learned by the participants continued over time, or that they employed
those skills in the design and sequencing of their own instruction. In addition, turning the
experiment around and asking other SMEs to subjectively verify the sequence objectively
determined by these SMEs was not conducted but would be a next step for future research.
Results also indicate an important consideration that was not accounted for: fatigue. Due
to the schedule and limited availability of these SMEs this research needed to be conducted
within a compressed time frame. Each of the three phases lasted at least 45 minutes. Results
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from the third and last phase are, in some cases, less consistent than the others even though an
upward trend had been previously indicated. Future research of this type should account for the
extensive cognitive resource requirements.
Discussion of Q1: How Consistent Were the SMEs Ratings of the Items?
Generalizability (G) coefficients were used to determine the consistency of the SME
responses. The closer the G coefficient is to 1.0 the greater the consistency of the items in the
scale. Nunnally (1978) recommends that instruments used in basic research have ≥ .70 reliability
but ≥ .80 reliability is unnecessary. However when the research is high consequence, as in the
case of research involving aspects of warfighter training, reliability should be ≥ .90, preferably ≥
.95. Therefore, for the purpose of this studies results and discussion, only consistency levels ≥
.90 are considered very good or acceptable.
The results of the G study affirm that the SMEs were consistent in their rating of the
items across scenario base variables and, in most cases, increased from phase to phase.
However, trends also indicate that this consistency loses potency with successive algorithm
functions. It is reasonable to expect that with such a strong, consistent foundation the upward
results would be of equal consistency, but this was not the case. It may be concluded that further
modification of the algorithm would yield more robust results.
For example, results of the first phase of the distractors base variable indicated that the
SME were unable to distinguish any difference in the level of distraction among any of the 10
scenarios investigated in that phase. After examining the outputs it can be concluded that the
range of possible responses (1-3) is too restricted to allow reliable responses. A greater degree
of granularity and a higher level of definition regarding the moderators that influence cognitive
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processing is necessary to allow a wider range of possible responses. Accounting for such things
as crew discipline and personnel levels of experience, concurrent environmental states and level
of battle chatter and obstacles will increase the range of distractor value possibility. Beyond the
scope of this research, however a field of potentially significant findings, considering the
psychological states of the crew, such as stress, complacency, and confidence may also allow a
greater range of distractor values.
The CCM characteristic has exhibited itself to be of greater potential impact than
originally accounted for and greater granularity of the values will increase effectiveness of the
algorithm. Further modification of this characteristic within the algorithm would be beneficial.
Consistency is greatest among SMEs 1, 2 and 5. SMEs 3 and 4 are more consistent
between themselves. Results of the demographic responses show that the ranks of SMEs 1, 2
and 5 were either Sergeant or Staff Sergeant with the primary crew position of Tank Commander
(TC). SMEs 3 and 4 were Lance Corporals with the primary crew position of Gunner (GNR).
This suggests that the TC, even when evaluating a gunnery-intensive situation, has a more
complete or holistic appreciation of the minutia involved for successful completion of the task.
Furthermore, SMEs 3 and 4 had the least amount of M1A1 AGTS Instructor/Operator (IO)
experience (i.e., less than a year and one year respectively). SME 4 also responded that he was
only responsible for training once a month. It is therefore reasonable to assume that with greater
experience, preferably in the position of TC, an IO or SIO would respond with even greater
levels of consistency.
Results also suggest that the coordinative complexity sub-characteristic outweighs the
other factors and plays an undue role in the calculation in the final SC value for as goes the Task
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Complexity characteristic that is comprised of the coordinative complexity sub-characteristic so,
it appears, goes SC. This should not be the case in a properly weighted equation. Further
analysis of and research into the equation is warranted.
Discussion of Q2: How Well do the SMEs Rankings Match to the ICTP Sequences of the
Training Matrix?
The most salient implication of this research’s results is that the ICTP matrix sequencing
deviates significantly from and does not correlate to the SME sequencing derived from the SC
algorithm. It was expected that there was going to be some deviation from the subjective
sequencing as designed by software engineers and the scenario sequencing as revealed my SMEs
instructed in the identification and enumeration of scenario base variables. However, the degree
of disagreement is alarming. In such a high consequence environment where the sequencing of
training is vital; the “crawl, walk, run” strategy, supported by Vygotsky and Krashen, must be
adhered to. Instead, results indicate this doctrinal strategy is fatally violated.
Significance
Significance for Educators/Trainers
For the purpose of this section, the term Educator and Trainer are used interchangeably.
The use of SBT is not confined to either academic or Military applications. The implications and
significance of this research are indistinguishable from one sector to the other.
The significance of results of this research is three-fold. First, students will receive
instruction that challenges them and presents them with scenarios that increase their archive of
experiences. Second, implementation of the SC algorithm may reduce training time and expense
while increasing trainee throughput. Finally, with automated, adaptive scenario sequencing
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instructors will be free to pay more attention to the details of the trainee’s performance, targeting
feedback and personalizing exercise instruction.
One of the strengths of SBT is the presentation of varied situations that allow trainees to
experience real-world problems prior to engagement. Through such training, personnel learn to
integrate multiple skills, cope with realistic distracters, practice their higher order cognitive
skills, and exercise naturalistic decision-making (Cannon-Bowers & Salas, 1998).
For example, Klein’s Recognition-Primed Decision framework (1989) proposes that
experts make decisions by recognizing similarities between current decision situations and
previous decision experiences. Trainees and students, once in the “real-world” are often
presented with situations that they have not experienced before. SBT can help mitigate this gap.
By adapting scenario complexities and automating generation, trainers can provide a greater
variety of appropriately calibrated training events, thus broadening their repositories of
experience (Dunne, Schatz, Fiore, Nicholson, et al., 2010).
Where there is no automation, SBT scenarios are chosen by the trainer based on training
objectives, a description of the scenario (if present), the trainees’ level of experience, and
timeline requirements. Although training manuals may present sequences of training, they
typically lack explicit recommendations for sequencing of scenarios. Trainers must then rely on
subjective judgment. Where automation of sequencing is available, the sequencing, as has been
found by this researcher and discussed in a later section, is problematic. Consequently, a
trainer’s sequencing may not align with trainees’ levels of experience or performance, and
mismatching trainees with training events can result in negative learning, inefficient timelines
and increase in expense.
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Findings from this research will potentially impact delivery of online and computer based
instruction, making it easier to automatically adapt delivery of instruction to the individual
learner’s needs. The National Education Technology Plan (NETP) recognizes, “The challenge
for our education system is to leverage the learning sciences and modern technology to create
engaging, relevant, and personalized (italics are the author’s) learning experiences for all
learners…” (NETP, 2010). One-size-fits-all content presented in lock-step linear design does not
answer this challenge.
Perhaps most importantly, automating the process of sequencing, adapting the POI by
computational means, creates a seismic shift in role definition as instructors and educators take
on a facilitative and diagnostic role rather than that of the originator and provider of content.
This requires a significant adjustment in culture and philosophy for educators and trainers as well
as upstream adjustment in approaches to curriculum for administrators.
Significance for Instructional System Designers
Reiser (2001) stated the following:
Instructional design and technology encompasses the analysis of
learning and performance problems, and the design, development,
implementation, evaluation and management of instructional and
non-instructional processes and resources intended to improve
learning and performance in a variety of settings, particularly
educational institutions and the workplace. Professionals in the
field of instructional design and technology often use systematic
instructional design procedures and employ a variety of instructional
media to accomplish their goals. (p. 53)
Embedded in Reiser’s definition is a systematic process known as ADDIE; analysis,
design, development, implementation and evaluation (Dick, Carey & Carey, 2009).
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The significance of the results of this research touches upon each of these phases of the
ISD process. The responsibilities of the ISD of SBT that incorporates this algorithm will expand
to include analysis of each of the base variables, sub-characteristics and characteristics of the
tasks contained in the scenario. In order to fulfill this requirement, the ISD will have to be wellversed in definition and identification of the SC characteristics. In addition, when working with
SMEs, giving them instruction regarding SC characteristics will be required.
The ISD must design tasks which are authentic, and replicate the cognitive demands of
the real world (Savery & Duffy, 1995). Utilizing findings from this research to design scenarios
will require incorporating increasing complexities by manipulation of the SC base variables
while at the same time maintaining a manageable range of complexity to ensure sequencing
(remedial or advancement) does not violate grounded learning theory and demotivate the
learners.
Software solutions, such as the researched algorithm, must then be put into place to
develop the POI and allow for automation. If the developer is not the designer themselves
translation of specifications requires a clear framework of understanding between the two agents.
The onus of this responsibility falls upon the ISD and a thorough understanding of the
complexities of this process is paramount; the ISD must be cognizant of the interaction of the
base variables and their influences upon the SC value and be able to articulate them to the
developer.
Some investigators have found that, when implemented, automation may actually
increase workload, inviting occasions for new errors (Wiener, 1989; Kurlik, 1993; Sarter &
Woods, 1995) and situations which the designer must take into account. Automating and
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adapting the sequencing of content will require changes in the way instructor activities are
carried out, the order and timelines of content delivery and this introduces a new set of problems
(Wiener & Curry, 1980; Billings, 1991; Woods, 1996) for which the ISD must be prepared.
Evaluations of SC-based SBT should include determining the appropriateness of how the
scenario sequencing interacts with the characteristics of the learner. This will be vital to verify
and validate the original design and range of complexities presented during the POI; the
prescribed follow-on scenario being just a little harder than the scenario before or, if a trainee
demonstrates a level of performance that prescribes a remedial scenario, the scenario is just a
little easier than the preceding one.
Employing SC into SBT will require the ISD to ensure content aligns with performance
by attending to a unique and unfamiliar specification; operational requirements of the sequencing
engine. However, the complexity of possible interactions across key variables, as implemented
by the sequencing engine, is restricted only the number of scenarios and imagination of the
designers or developers.
Recalling Lantolf’s description of the differentiation between i+1 and ZPD, in light of
this research this author asserts that in SBT, where experiential learning forms the paradigm and
intentional educational development the objective, Lantolf’s attempt to differentiate these two
concepts dissolves. That is, if one accepts Lantolf’s description, then in SBT environment, i+1
and ZPD encompass and fulfill the same intentions. A reconceptualization of these two
concepts, at least in their application to SBT, is in order.
This author proposes the term zone of acquired complexity as definition of the zone of SC
values within which the trainee has demonstrated acquisition of KSA, and further proposes the
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term zone of comprehensible complexity as definition of the zone of SC values within which
constructs, structures and KSA are just beyond the trainee’s level (Krashen, 1982) and yet still at
the level of potential development (Vygotsky, 1978). These proposed definitions may aid in the
construct of SBT design and scenario sequencing.
Beyond the employment of the proposed algorithm and results of this research, it is
hoped that ISDs will consider, revise and extend these findings into their respective fields in
order to deliver more efficient and effective SBT.
Significance for Researchers
This study extends adaptive automation literature and increases understanding of the
growing use of SBT. Results from this research indicate additional avenues of investigation into
the characteristics, utilization, and implementation of the SC algorithm. Other fields may benefit
from examining how SC-based SBT may aid in training higher-order thinking skills, which is
itself an emerging focus of research interest (Tichon & Wallis, 2010). Researchers investigating
topics such as automation or adaptivity, or both, who raise questions such as, “whether/or …”,
“when to/not to …” may find operationalization of the SC algorithm to be an integral piece of
their puzzle.
As mentioned in the previous section significance of this study touches upon all areas of
the ADDIE process and researchers may find fertile fields of study in areas that will assist ISDs
in each of those areas as well. Also mentioned in the previous section this author proposes the
term zone of acquired complexity as definition of the zone of SC values within which the trainee
has demonstrated acquisition of KSA, and further proposes the term zone of comprehensible
complexity as definition of the zone of SC values within which constructs, structures and KSA
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are just beyond the trainee’s level. Investigating the appropriateness, and accuracy of these
proposed definitions in regards to SBT opens further avenues of research to extend instructional
theory.
Researchers may choose to identify best practices when giving instruction to SMEs
where SC characteristics are concerned. Training effectiveness evaluations may require
researchers to verify and validate that the designed tasks are actually authentic, and replicate the
cognitive demands of the real world (Savery & Duffy, 1995) and whether the sequencing of
content employs the SC base variables soundly to increase or decrease complexities as
appropriate. Researchers may also be called upon to instantiate and evaluated the developed
software solutions required of the proposed, or other such, algorithms. When implemented,
researchers may seek to determine the influence of SC automation on workload; studying to see
if SC-based SBT invites occasions for new errors (Wiener, 1989; Kurlik, 1993; Sarter & Woods,
1995).
Researchers may find objective basis for supporting what are, ultimately, subjective
prescriptions such as Vygotsky’s ZPD (1978) and Krashen’s i+1 Theory of Learning and
Acquisition (1982).
The literature review conducted for this research indicates that research at the intersection
of adaptive instruction, SC and SBT is embryonic. For researchers, a new avenue of study is an
energizing, clear call for investigation. This study, and its outcome, supports such investigation
and begins to fill a vital gap in the research literature. Beyond the employment of the proposed
algorithm and results of this research, it is hoped that researchers will revise and extend these
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findings and the studied algorithm into their respective fields in order to deliver more efficient
and effective learning.
Implications
This section discusses implications to four areas: the SC algorithm itself and three sectors
that employ SBT (i.e., serious games, academia and the Military).
SC Algorithm
Outcomes from this research have direct implications to the SC algorithm. Findings
suggest that equation weighting needs to be reassessed; particularly in the area of CCM. A more
granular and less restricted range of possible values would be of benefit to the consistency and
reliability of the equation and total SC value. Perhaps the actual number of distracting factors be
enumerated and used as the variable value. This would give CCM a larger moderating role and
remove statistical limitations resulting from restricted CCM level.
Merging the original algorithm’s base variable of uncertain (unknown outcomes) linkages
to conflicting criteria may need to be reassessed. Since ambiguity affects the ease of completing
all subtasks and requires actors to devote substantial cognitive resources to actions such as
problem solving, analysis, and decision making, to account for such compounding, uncertain
linkages may be an appropriated modifier to CCM instead of being removed entirely.
Demographics have shown that level of experience influences the perception of the
scenario requirements and therefore the tasks’ components. Consideration must be given to how
much of a role experience plays when the IO sequences their exercise scenarios.
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The SC algorithm can be considered a partial training equation. That is, it designed and
intended to account only for the tasks that are conducted and experienced by a single trainee and
does not integrate other trainee’s tasks. Extension of this algorithm to a larger, more complete
training equation that incorporates a whole team is a likely avenue of future research.
Trial evidence indicated that modifying inputs exceeding 10, and treated by
multiplication as opposed to exponentiation, still allow a range which enables discernment of a
range of complexity. This introduces and raises the question of: at what point does the objective
complexity construct break down to subjective terms such as: least, average and extreme?
Serious Games
When playing a digital game one is presented with a stage, or assessment, after which
one continues to the next “page” or scenario. This remains as static a delivery as the linear
progression of traditional learning; no adaptability. Implementing a dynamic scenario creation
engine that bases the sequencing on performance of the players will, as in SBT that implements
the same capability, ensure each successive stage maintains motivation. Often, after easily
defeating one level’s boss player are presented with the next, linearly defined boss, only to find
they present little to no challenge, as does the next … and the next. Or, conversely, no matter
what you do, you cannot defeat the lower level boss but are presented with the same situation,
the same scenario, with no deviation, over and over and over and over. In all cases, automated,
adaptive sequencing would prevent the “toss-aside” effect where a game or simulated situation is
either too hard or too easy so the player, learner or trainee simply toss aside -either figuratively
or literally- the game, module or program.
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Academia
Something Education can learn from business is that Education needs to make
fundamental changes that allow technology to engender improvements (NETP, 2010). The more
technology is incorporated into the schools the more it must be recognized that although the
fundamental purpose of the education system remains the same, the roles and processes of
schools and educators, must change to reflect the times. That is, rather than the providers of
knowledge, Educators will be more appropriately aligned as a facilitator of knowledge. SBT
brings Dewey’s education of experience closer to realization.
Additionally, the NETP recognizes, “The challenge for our education system is to
leverage the learning sciences and modern technology to create engaging, relevant, and
personalized (italics are the author’s) learning experiences for all learners” (2010). With
reliable, instructionally sound sequencing of scenarios, aligned to the performance of the
individual, the one-size-fits-all traditional presentation of content will be supplanted.
Such a shift in the instructional process, automating content sequencing by computational
means, creates a seismic shift in role definition as instructors and educators take on a facilitative
and diagnostic role rather than that of the originator and provider of content. This requires a
significant adjustment in culture and philosophy for educators and trainers as well as upstream
adjustment in approaches to curriculum for administrators.
Military
The current fiscally restrained environment reduces availability of operational funds
related to live training in general and gunnery qualification in particular. Thus, it can be
assumed the cost avoidances that define simulation, will support increase in implementation of
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additional SBT systems. Automating sequencing of scenarios reduces work-load upon the IO
thereby enabling them to pay attention to detailed areas of instruction, increasing trainee
throughput thus avoiding live-fire costs.
Beyond the immediate implications of this research and realizing the stated initiatives of
the Military to move toward a Live, Virtual and Constructive (LVC) training environment efforts
in the near future may be directed toward a collective, rather than singular definition of SC.
Previous work focused on the mathematical representation of the complexity level of a
single scenario. Extending this SC formula to account for the nonlinear increase in scenario
complexity that occurs during multiple scenario integration is a likely downstream avenue of
research.
This formulation was expressed within the framework of a single string. That is, the
sequencing of scenarios was based on a ground-up approach from novice to expert bounded by a
single learning objective (i.e., advanced gunnery). This single string approach assumes two
things, 1) a single task is the training objective and 2) no extra-task objectives are required.
Progression along a single-string trajectory is relatively simple when compared to
progression along a multiple-string trajectory. Multiple-string progression is the change in
knowledge, skills and attitudes across tasks within and across domains.
For example; sequencing scenarios that guide a trainee through the steps of Call-For-Fire
(CFF) are in single-string until the introduction of other tasks such as Close Air Support (CAS)
or Helicopter Evacuation (HELIVAC). At that point the CFF trainee must integrate their
previous experience, if any, in multiple domains. In addition, the trainee may be a novice at
CAS, an expert at CFF and only possess intermediate knowledge of HELIVAC, yet they must
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accommodate the new situation and conditions, and perform multiple tasks to attain multiple
objectives.
Validation of this formulation’s capability to discriminate between scenarios of differing
complexity as well as its successful identification of appropriate scenarios for adaptation based
on performance levels is another area of future research and experimentation.
Modeling and simulation sector articles focus on the technological aspects of the sector
and give little attention to the educational. A brief review of professional magazines finds
articles on training trends and hardware or software advances but no mention of advances or
needs found regarding the delivery or content of training materials or content. During personal
experience in the acquisition sector attention is significantly oriented to the engineering or
physical attributes and requirements; training and instruction is almost an after-thought.
It is also possible that with successful extension of this research, complete automation
could be achieved enabling effective and efficient training.
Recommendations for Future Research
Although there are many potential avenues of research results of this study point to, in
addition to continued assessment of this SC algorithm, the following recommendations are
forwarded and focus on future research.


It is recommended to extend research from the single scenario definition of SC toward a
collective definition.
This study and the previous work it was built upon focused on the computational

definition of the complexity level of a single scenario. Extending this SC formula to account for
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the increase in SC that occurs during multiple scenario integration could advance current
Military initiatives towards LVC training environments.


It is recommended that further research be conducted to more finely tune the equation by
reassessing each of the base variables and considering additional adjustments to the
algorithm.
Results from this research indicate additional avenues of investigation into the

characteristics, utilization, and implementation of the SC algorithm. The primary avenue is in
closer examination of the equation in light of this study’s results. For instance, the algorithm
may be sufficient for a declarative or procedural domain but adjustments may be required to
address other domains that include higher-order thinking skills.


It is recommended that research be conducted implementing the algorithm with a
sufficiently sized library of scenarios to compare to a control group using an otherwise
sequenced matrix.
Research into the effectiveness of an SC algorithm-derived training sequence would be

the logical next step to put theory into practice.


Research that uses the findings here to determine if other SMEs would be more closely
aligned with each other in regards to the sequence of scenarios as determined by these
SMEs or the ICTP.
An effort such as this would help validate and verify this study’s findings as well as

support future practice by providing a level of confidence to practitioners.


In sum, results of this study indicate an avenue of study that can lead to significant
advances in SBT.

81

This study, and its outcome, has extended SBT research and helped to fill a vital gap in
the research literature. Beyond the employment of the proposed algorithm and results of this
research, it is hoped that researchers will revise and extend these findings into their respective
fields in order to deliver more efficient and effective learning.
Recommendations for Future Practice
The following recommendations are forwarded as result of the findings of this G study
and are focused on the findings’ impact on future practice.


It is recommended that a POI be developed for new IOs and SIOs to instruct them on
how to identify the important characteristics (base variables) of a scenario that form the
basis of its level of complexity.
This research has shown that SMEs at this level who are engaged in high-consequence

training already possess a significant level of agreement when it comes to understanding the
requirements of the tasks that they set before their trainees. Recall how, in many cases, they
were already significantly consistent (≥ .70) for Phase 1. However, because of the survivability
and lethality aspects of this training and according to Nunnally (1978) .70 is not good enough.
That is, where lives are on the line the level of consistency must be appropriate to the stakes.
With aid of the algorithm and the instruction that they were presented with, SME became even
more consistent with their ratings and attained levels of consistency more appropriate (≥ .90). A
POI that includes such information may have significant downstream impact.


Implementation of software solutions that automatically create and sequence scenarios
adapting to the performance of the trainee and adhering to grounded instructional strategy
and learning theory.
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This author defined zone of acquired complexity as the zone of SC values within which
the trainee has demonstrated acquisition of KSA, and the zone of comprehensible complexity as
the zone of SC values within which constructs, structures and KSA are just beyond the trainee’s
level (Krashen, 1982) and yet still at the level of potential development (Vygotsky, 1978). These
terms may be appropriate descriptors of the relatively new instructional paradigm created by
SBT. Together with an objective value of scenario complexity, sound instructional strategies
and grounded pedagogical practices may be implemented into a growing and dynamic training
practice.


It is recommended that the ICTP be reevaluated and redesigned using the SC algorithm.
As shown by the results of the correlations, the SMEs rankings of the level of complexity

of the scenarios were alarmingly different than the rankings of difficulty as contained in the
ICTP. In light of these results it would be accurate to say the ICTP is clearly misaligned to the
“crawl, walk, run” instructional philosophy. To increase training fidelity and to optimize the
matrix, a redesign of the matrix is suggested.
Summary and Conclusion
The purpose of this research was to examine the efficacy of the SC algorithm to enable
Educators or Trainers, ISD and software engineers to objectively and computationally define SC.
Part of this process included a period of instruction given to SMEs, in the identification of the
characteristics that comprise the SC algorithm. Using this knowledge SMEs then determined the
values of the SC base variables. These base variables, once calculated, determined the objective
total SC values which were then ranked and compared to an existing matrix sequence derived
from the ICTP embedded in the M1A1 AGTS.
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This research advances the field of SBT by suggesting a method of designing SBT that
adapts and automatically initializes, constructs, and sequences scenarios based on trainee
performance and grounded by researched instructional strategies and learning theory. The SC
algorithm enabled an objective ranking of scenario values which was correlated to the the ICTP
matrix.
This research found that the SMEs were very consistent in their ratings of the items
across the scenario base variables of the proposed SC algorithm and the ICTP matrix was
significantly misaligned to the SC algorithm sequencing.
More research is necessary but promising directions have been shown. Whether these
future efforts are conducted by this researcher or others who take up the call the outcome will be
additional contributions to the ISD, SBT and educational fields.
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APPENDIX B: SCENARIO COMPLEXITY OVERVIEW AND CHEAT SHEET
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A training scenario is presented to trainees who work their way through the situations to
achieve the desired knowledge, skills and abilities. Some scenarios are very difficult and some
are very simple. Currently, M1A1 AGTS gunnery training scenarios are presented in a matrix
determined by subjective evaluation of complexity. However, to assist instructor/operators
choose the appropriate level of scenario each scenario presented in the matrix should be
determined by objective calculation of the scenario characteristics. In this way, novice trainees
progress through intermediate and expert level scenarios efficiently and effectively.
A scenario has four characteristics: task complexity, task coordination, task framework
and distractors.
The first characteristic task complexity is made up of three sub-characteristics: subtasks,
required acts, and information cues.

Definition of Variables
A subtask is a task necessary to perform the main task. If no subtask is necessary a task
could stand alone. Both task and subtask must have a clear duration, a desired outcome or
objective, and measures of performance.
Thinking of issuing a fire command write down some subtasks add any that are
mentioned by other IOs below.

A required act is different from other acts and is necessary for the successful completion
of the task or subtask. For example, consider the task of moving your tank to an alternative battle
position. For the driver navigation and steering subtasks are involved in this task. The navigation
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subtask requires the act of observing the terrain; the subtask of steering requires the act of
turning the driver’s wheel.
Thinking of driving to an alternative Battle Position (BP) write down other required acts
and add any others mentioned below.

An information cue is information that must be monitored and processed in order to
complete the task/subtask. For the gunner, the task of identifying a target includes the subtask of
scanning; this subtask requires the trainee to monitor both right and left lateral limits. ONLY
necessary cues are valid cues. For instance, in the example of the alternative BP, an additional
information cue may be the TCo providing directions. However, if the input from the TCo is not
necessary, then it could be considered a distraction.
Thinking of firing write down some information cues necessary for the gunner and add
any others mentioned below.

Task Coordination accounts for coordinating subtasks and required acts necessary for
task completion. Moving to an alternative BP, the subtasks of steering and navigation are
coordinated; the successful completion of steering (subtask-A) requires the successful
completion of navigation (subtask-B) and completion of subtask-B requires the completion of
subtask-A.
Thinking of the TC write down some task coordination required during gunnery and add
any others mentioned below.
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The second characteristic task framework depends on whether a task is well- or poorlydefined by determining the number of task paths and task outcomes. Task framework accounts
for the relation between task paths and the outcome associated with each, and addresses which
outcomes are possible in a given task by considering four characteristics: task path, task
outcome, conflicting outcomes and unknown outcomes.
Task path is the number of ways to arrive at the objective depending on the existing
conditions. In the case of gunnery, having several ways to reach the objective increases the
complexity of a task because efficiency matters. Yeah, you could engage a KA-52 with SABOT
but if you miss, you may have a very bad day. An MPAT-A has a better chance. Two paths to
consider but due to efficiency and effectiveness one path must be chosen.
How many task paths are there to killing an RPG team beyond 1200 meters?
Task outcome is defined as a measurement that must be satisfied in order to reach the
desired objective. Example: In gunnery training targets must be engaged in order of lethality.
What other gunnery task outcomes can you think of?
Conflicting outcomes is when achievement of one objective can conflict with achieving
another. Moving to an alternative BP may include the objective of getting there quickly versus
the objective of staying alive by getting there without presenting silhouette flank to closing
HIND-D.
Do you remember any times when you experienced conflicting outcomes?
Unknown outcomes account for the increase in mental processing as a result of not
knowing whether certain paths will lead to certain outcomes. For example; the mental processing
you went through at the mention of the last example, can I get there fast enough, can Close Air
Support distract etc … what you are doing is spending time choosing a path that meets the
objective by evaluating the chance that each path will allow for success given the existing
conditions.
The last characteristic, distractors, addresses the degree of stress and distraction the
trainee may feel. Distractors are external factors that increase mental processing and/or reduce
mental resources for the task. Distractors may cause less complex tasks to appear more complex.
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For example, driving a tank to a CP in daylight, unlimited is a less complex task than driving at
night with thermal sight malfunction.
Be careful to take into account the difference between an external factor and a subtask. The task
of driving to a CP is moderated by deep mud or heavy traffic, but talking on CVC for order
clarification during this task would be considered a subtask and not a distractor.
Calculating Scenario Complexity
A scenario has four characteristics: task complexity, task coordination, task framework and
distractors.
Task Complexity is the sum of its variables: subtasks, required acts, and information cues.
Step 1.1: A scenario may ask the trainee to perform subtasks to successfully complete the
training task. The first step in calculating scenario complexity is determining the number of
subtasks (if any).
A subtask has a unique desired outcome with measures of performance. The subtasks of
navigation and steering are involved in the task of driving to an alternative BP.
Step 1.1.1: The second step in calculating scenario complexity is determining the number of
required acts in each subtask.
A required act has (1) purpose or direction and is (2) different from other acts. The task of
driving involves the subtask of navigation which may require the act of observing the terrain, the
subtask of steering requires the act of turning the wheel. However, each act of observing the
terrain or steering does NOT count as a different act.
Step 1.1.2: The third step to calculating complexity is to determine the number of information
cues in each subtask.
Most subtasks require information to be monitored. The task of killing a target requires the
subtask of lazing and this requires two sources of information to be monitored: the LRF and the
motion of the target. Why the motion? Stationary or moving will dictate to dump or not to dump.
To review: To determine the value of component complexity the sum of its variables: subtasks,
required acts, and information cues must be identified.
Task Coordination is the number of subtasks and required acts that are interdependent.

92

Step 2.1: The fourth step in calculating complexity is determining the level of coordination
complexity. That is, a scenario may have a number of subtasks and required acts that are
interdependent.
Some subtasks and required acts may depend on the successful completion of others and vice
versa. In the example of driving, the subtasks of steering and observation are interdependent.
That is, these subtasks are integrated and involve synchronization of activities to achieve the
objective.
To review: To determine the value of task coordination the sum of interdependent subtasks must
be identified.
Task Framework determines whether a task is well- or poorly-defined by determining the
number and relation of paths to their outcomes. There are four variables within task framework:
task path, task outcome, conflicting outcomes and unknown outcomes.
Step 3.1: To calculate task framework complexity first total the number of task paths.
The number of task paths is the number of ways to arrive at the objective depending on the
existing conditions. When engaging two Type 98s there may be more than one path to take to
achieve the task objective of killing both targets. Range and mobility are some existing
conditions which may affect the number of paths.
Step 3.2: Second, to calculate framework complexity, determine the number of task outcomes.
Task outcomes measure performance and are aligned to the training objective. Every task has at
least one outcome. In gunnery, some performance measures are time to ID and target
classification.
Step 3.3: To calculate framework complexity, determine the number of conflicting outcomes.
Sometimes outcomes conflict with other outcomes. One outcome may be time to kill and another
reticle aim. In this case, one outcome conflicts with the other if time is running out.
Step 3.4: Finally, to calculate framework complexity, determine the number of possible paths
which do not lead to desired outcomes.
Some task paths may or may not lead to desired outcomes. If driving to alternative BP and there
is only one path to get there the subtask of navigation is well-defined. If there are several paths
and some paths lead to the BP and others do not that subtask is badly-defined. If there are several
paths but all lead to the destination that subtask is somewhere in between.
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Distractors
Step 4.1: To calculate the final characteristic the number and level of distracters needs to be
determined.
To calculate the number and level of distracters that increase mental processing or reduce mental
resources. For example, driving a tank to a CP in daylight, unlimited is a less complex task than
driving at night with thermal sight malfunction.
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